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ARMOR  PIERCING  BULLETS 
WITH  SINTERED  CARBIDE  CORES 


Abstract 


Special  bullets,  both  caliber  .30  and  .50,  of  standard  A.P. 
dimensions  with  sintered  carbide  cores,  were  investigated  in  firings  against 
face-hardened  and  homogeneous  armor  plate  at  normal  and  oblique  impact. 
Against  face-hardened  plate  at  normal  impect,  the  carbide  bullets  showed  far 
greater  penetrating  ability  for  a  given  energy  than  the  corresponding 
standard  A.P.  bullets;  while  at  obliquities  the  penetrating  ability  of  the 
carbide  bullets  relative  to  that  at  normal  deteriorated . more  rapidly  than 
that  of  the  standard,  the  carbide  bullets,  however,  still  maintaining  an 
absolute  degree  of  diminishing  superiority  up  to  about  30°, 

It  appears  that  the  superiority  of  the  carbide  bullets  against  face- 
hardened  plate  is  mainly  attributable  to  the  fact  that  the  carbide  cores 
tend  to  remain  intact  while  the  standard  shatter  during  the  process  of 
penetration.  Against  homogeneous  plate  at  normal  impact  where  the  factor 
of  core  failure  did  not  play  any  role,  the  efficiencies  of  the  carbide  and 
standard  bullet  cores  were  identical.  At  obliquities,  however  the  carbide 
bullets’  performance  became  progressively  inferior  to  that  of  the  standard. 

T}ie  sharp  transition  in  the  obliquity  behavior  of  the  carbide  bullets 
against  both  face-hardened  and  homogeneous  plate  is  associated  with  the 
relative  weakness  of  these  hard  sintered  materials  to  transverse  impact,  all 
cores  tending  to  shatter  or  pulverize  although  still  retaining  sufficient 
toughness  to  surpass  the  standard  bullet  cores  at  angles  up  to  30°  against 
face-hardened  plate. 

The  phenomena  exhibited  by  the  carbide  bullets  show  the  extent  to 
which  penetrations  depend  upon  the  resistance  of  the  projectile  to  breaking 
up.  Vftiile  the  implications  of  the  behavior  of  the  projectile  are  known,  but 
sometimes  not  fully  appreciated,  these  experiments  tend  to  give  added 
emphasis  to  this  important  matter. 


B.  INTRODUCTION 

1.  Previous  Tests  of*. Special  Carbide  Bullets 

In  the  Twenty-eighth  Partial  Report  on  Tests  of  Armor 
Piercing  Bullets  and  First  Report  on  Tests  of  Armor  Piercing 
Bullets.  Caliber  .30  and  Caliber  .50  with  Tungsten  Carbide  Cores* 
dated  November  25,  1940,  special  bullets  made  to  the  dimensions 
of  Standard  A.P.  bullets  but  with  varying  compositions  of  sintered 
carbide  cores  were  tested  for  their  armor  penetrating  efficiency. 
Firings  were  carried  out  for  Watertown  Arsenal  according  to  the 
usual  routine  test  procedure  of  the  Proof  Department  against 
varying  thicknesses  of  face  hardened  plate,  for  the  most  part 
at  normal  obliquity. 

The  data  of  the  above  tests  were  partially  analyzed 
and  discussed  in  the  memorandum  dated  December  10,  1941 
presented  by  Mr.  Tolch  and  Mr.  Leeder  to  Mr.  Kent  of  the 
Ballistic  Research  Laboratory.  It  was  readily  shown  that  as  a 
whole  the  bullets  with  sintered  carbide  cores  were  decidedly 
more  efficient  in  armor  penetration  at  normal  impact  than  the 
standard  small  arms  A.P.  ammunition,  the  criterion  of  comparison 
being  essentially  the  striking  energy  required  for  complete 
penetration. 

*.  7  •. 

2.  Composition  and  Physical  Properties  of  Carbide  Bullets 

The  individual  grades  of  compositions • tested  were 
basically  of  the  tungsten  carbide  type  (composition  WC)  differ¬ 
ing  principally  in  the  type  and  amount  of  specific  binding 
constituent  employed.  The  composition  of  the  carbide  core  materials 
along  with  some  of  tneir  physical  properties  as  furnished  by 
Watertown  Arsenal  in  their  letter  of  December  14,  1940  to 
Aberdeen  Proving  Ground  are  presented  in  Table  I  and  graphically 
portrayed  in  Plot  No.  1  for  the  tungsten  carbide  base  analyses. 

The  physical  properties  of  the  latter  are  generally  outstanding 
as  compared  to  those  of  the  hardened  A.P.  core  steel  with  respect 
to  the  high  density,  compressive  strength,  and  modulus  of  elasticity, 
in  addition  to  the  high  hardness  characteristic  of  intermetallic 
compounds.  The  high  hardness  and  compressive  strength.  Plot  Ho.  1, 
decrease  rather  uniformly  with  increasing  amount  of  binder  whereas 
the  transverse  strength  increases  quite  rapidly  at  first  to 
attain  a  more  or  less  constant  value  at  the  intermediate  and  larger 
percentages  of  binding  element.  It  is  to  be  noted  that  the  so 
called  transverse  strength  was  obtained  in  a  bend  test  and  that 
the  values  themselves  are  probably  only  of  relative  significance. 

In  general  the  properties  of  the  cobalt  grades  are  some¬ 
what  higher  than  the  corresponding  quantities  for  the  nickel 
grades,  with  the  exception  of  the  specific  gravities  which  are 
practically  the  same  over  the  entire  range  of  binder. 


(5) 


The  physical  properties  of  the  standard  A.P.  steel 
core  material  are  for  comparison: 


Hardness,  Rockwell  C:  61- - - - 65 


-  Rockwell  A:  81.5 - 34 

Compressive  Strength,  p.s.i.  .  r  314,000 — —340,000 
Modulus  of  Elasticity,  p.s.i.?v  :  29  x  10^ 

Specific  Gravity  =  8.00 

At  6 %  of  binding  element,  Co  or  Ni,  the  compressive  strength 
of  the  tungsten  carbide  material  is  over  twice  as  great  as  that 
of  the  standard  steel,  and  the  density  greater  by  almost 
the  same  factor.  At  the  higher  percentages  of  binder,  the 
hardnesses  of  the  tungsten  carbide  grades  decrease  to  enter 
within  the  range  customary  for  the  standard  A.P.  steel  core, 
while  the  densities  and  compressive  strengths  exceed  the 
corresponding  values  for  the  steel,  by  a  multiple  of  about  1.6. 

A  composition  of  unusual  interest  in  Table  1  is  that  of 
the  complex  carbides  containing  titanium  and  tungsten  carbides, 
with  a  density  approximately  equal  to  that  of  the  A.P.  steel. 

Of.  the  carbide  core  materials  listed,  only  the  straight 
tungsten  carbide  types  were  superior  to  the  standard  A.P.  stock. 
The  results  for  the  complex  grade  1835  containing  both  TiC  and 
VC  were  ambiguous. 

3.  Reasons  for  Further  Tests 


To  confirm  the  results  of  these  first  tests  particularly 
on  the  carbide  cores  with  a  low  percentage  of  binding  element 
that  had  shown  the  superior  performance  as  well  as  to  obtain 
additional  data  that  might  aid  in  defining  more  definitely  the 
details  of  the  ballistic  performance  of  these  bullets  as 
compared  with  standard  A.P.  ammunition,  further  tests  described  in 
Firing  Record  No.  22883.  A619  were  undertaken.  A  new  lot  of  the 
1774  grade,  (9$Ni-91#WC)  was  supplied  for  the  major  portion  of  the 
tests;  other  grades,  however,  remaining  from  the  first  series  of 
tests  were  also  fired  to  obtain  more  complete  and  corroborative 
information.  The  second  series  of  tests  differed  from  the  first 
mainly  in  three  respects:  (l)  particular  attention  was  paid  to 
recovery  of  bullet  fragments  and  plate  punchings,  (2)  the  behavior 
of  the  bullets  at  obliquities  was  ascertained  more  fully,  and 
(3)  homogeneous  plates  were  included  in  the  test  program  in 
addition  to  face  hardened. 


C.  ARMOR  PLATE  EMPLOYED  IN  TESTS 


The  available  pertinent  information  characterizing 
n|i  armor  plates  employed*  including  that  of  the  initial 
investigation1*  is  given  below: 


ARMOR  PLATE  EMPLOYED  IN  TESTS  OF  SPECIAL  CARBIDE  BULLETS 


1 

Plate  Brinell  Hardness  Test 


Thick. 

Manufacturer 

Number  Face 

Back  ~ 

Series  Remarks 

FACE-HARDENED  PLATE 

555 

444 

1/4" 

Heat 

Second 

Disston 

12 

291 

578 

444 

3/8" 

Heat 

555 

415 

Second 

Disston 

3 

1140 

555 

415 

1/2" 

Disston 

1 

“foil 

555 

555 

388  V 
388 

Second 

Heat 

601 

388 

1/2" 

Disston 

5 

1081 

601 

401 

Second 

1/2" 

Disston  D5 

555 

402 

First 

1/2" 

Disston  D6 

555 

555 

4364 

375 

First 

1/2" 

Disston  D7 

555 

555 

364 

375 

First 

(for  obli 
qulty  tes 

5/8" 

Die  bold  *.<1384700- 

*  •  344  !  4 

Ym 

555 

* 

415 

First 

1" 

Diebold  10729 

- 

not  given 

First 

• 

HOMOGENEOUS  PLATE 

1/2" 

Carnegie  Ill.  '  154590  H. 

Heat 

15353 

341 

Second 

1/2" 

Disston  1 

/  ! 

Heat 

1147 

321 

Second 

(for  some 
obliquity 
test*  at 
at  30") 

5/8" 

Carnegie  Ill.  174947-3 

(■ 

Heat 

17503 

258 

Second 

Note: 

1  The  tests  of  the  Twenty-eighth  Partial  Report  on 

Armor  Piercing 

Ballets  will  be  designated  as  the  first  series*  those  of  Firing 
Record  22883*  A619  end  related  tests  as  the  second  series.  Any 
reference  to  the  first  test  series  is  always  designated  as  such. 


The  quantitative  basis  of  comparison  of  all  bullets 
involved  the  determinations  of  limiting  velocities.  For  this 
the  routine  procedure  of  the  Small  Arms  Section  was  followed. 

The  usually  laborious  task  of  recovery  of  bullet  fragments 
was  considerably  alleviated  by  the  following  scheme:  As 
shown  in  the  accompanying  figure,  two  corrugated  steel  drums, 
obtained  from  standard  drain  pipes,. were  utilized,  the  first 
being  set  in  front  of  the  armor  plate  and  the  second  in  back. 

The  second  recovery  drum  was  backed  by  1/2 ”  of  armor  plate  to 
insure  stopping  all  fragments  from  any  bullet  completely 
penetrating  the  armor  plate.  The  possibility  of  course  existed 
that  a  bullet  core  or  portions  thereof  might  pass  through  the  ar¬ 
mor  plate  and  shatter  on  the  backing  up  plate  thereby  lead¬ 
ing  to  erroneous  results.  However,  in  such  a  case,  it  ifould 
appear  for  the  most  part  that  the  impact  suffered  by  the 
bullets  or  fragments  on  the  backing  up  plate  would  be  slight 
as  compared  with  the  original  impact  experienced  on  the  armor 
plate.  At  all  events,  this  type  of  recovery  scheme  for  the  j 

back  was  the  only  one  readily  practicable  at  the  time  and  gave 
apparently  satisfactory  results.  ! 

A  cover  with  a  rectangular  aperture  for  the  bullet  entrance 
was  used  for  the  front  drum  and  in  addition  a  light  shield 
with  a  smaller  entrance  aperture  could,  be  affixed  to  the  cover 
to  insure  a  greater  recovery  in  the  container  of  fragments 
rebounding  from  the  face  of  the  armor  plate.  This  increase  in 
•  recovery  could,  however,  be  secured  only  at  the  possible 
expense  of  bullets  that  might  be  wasted  through  striking  the 
shield.  Where  the  quantity  of  experimental  bullets  was  limited, 
the  procedure  was  to  dispense  with  the  shield  or  even  the  cover. 

In  a  few  cases  the  entire  front  recovery  drum  was  removed  to 
eliminate  the  chance  of  losing  a  round  of  an  experimental  bullet. 
The  recovery  drums  were  employed  up  to  30  degrees  angle  of 
obliquity;  at  the  higher  angles,  however,  difficulty  was 
experienced  by  the  gunner  in  shooting  through  the  foreshortened 
aperture  and  it  was  necessary  to  remove  the  cover  entirely  from 
the  front  drum  thereby  obtaining  fewer  fragments  than  at  normal. 

In  the  future  this  trouble  could  be  avoided  for  the  case  of 
higher  angles  of  obliquity  by  truncating  the  drums  so  as  to 
have  their  axes  approximately  along  the  direction  of  fire. 


A  A/  M£r/V  T  f'o^  /?£C0y£-#y 

or  f)?A  &mfa/  rs 


/>«/  C.,ru,*M 

^  ..  /?•**/  fiecovery 

Crum 

Aper/vrc  j  , 


Armor 


Vf< 'T2*4v/  ^ 

o*c*  ffecorery  r  p/^/e 
/  Prum  f 


A/oe  of 


The  extent  and  emphasis  of  the  experimental  program  is 
revealed  somewhat  by  the  outline  below  of  the  expenditure 
of  ammunition: 


Thick.  Type  No.  Number  of  rounds  fired  at 

IB  Of  Of 

inches  Plate  Plates  Normal  20°  30° 


1/4” 

fF»H. 

1 

7 

5 

3 

3/3" 

F.H. 

X 

5 

1/2” 

F.H. 

2 

63 

31 

17 

1/2” 

aHom. 

2 

13 

6 

5/S" 

Horn. 

1 

4 

1  F.H.  =  Face- Hardened 
*  Horn.  =  Homogeneous 


In  order  to  simplify  the  presentation  and  dis¬ 
cussion,  ballistic  data,  results  of  recovery,  and  other  in¬ 
formation  derived  from  tests,  of  varying  thicknesses  and  types 
of  plates  are  generally  separated  by  inclusion  in  different 
sections  although  all  are  interrelated  parts  of  apparently 
a  fairly  simple,  coherent  pattern  of  behavior.  By  this 
necessary  process  of  artificial  selection  and  division  into 
components,  their  degree  of  dependence,  as  well  as  the  aspect 
of  the  whole  is  not  continually  present  or  always  fully 
apparent  in  the  report;  just  as  a  jig  saw  puz2le  requires  the 
interlocking  of  numerous  sections  to  create  a  unified  whole, 
before  the  correct  relationship  of  the  numerous  individual 
members  can  become  more  firmly  established. 

2 .  Arrangement  of  Data 

Although  the  actual  firing  results  and  notes  on 
recovery  are  given  in  Firing  Record  No.  22883*  A619,  the 
data  therin  have  been  rearranged  somewhat  for  more  convenient 
presentation,  and  with  the  inclusion  of  a  slight  amount  of 
additional  information  are  presented  in  Table  II.  The  data 
of  the  continuation  of  the  same  test  program  on  1/4”  face- 
hardened  and  1/2 u  homogeneous  plates  at  30°  obliquity,  and 
a  5/8”  homogeneous  plate  at  normal  are  also  embodied  in 
Table  II.  The  detailed  results  of  this  table  in  so  far  as 
limiting  velocities  are  concerned  are  summarized  for  the 
individual  grades  in  Table  III  along  with  the  calculated 
energy  values  corresponding  to  the  striking  velocity,  for 
both  the  core  and  bullet,  and  the  F  values  for  the  core 
which  are  considered  more  fully  later. 

3 .  Table  Hi:  Quantitative  Presentation  of  Data 

In  Table  III  the  grade  designation  and  composition 
of  the  sintered  carbide  cores  are  given  in  columns  I  and  II 
respectively.  A  new  lot  of  bullets  of  grade  1774  (9N1-91WC) 
was  made  particularly  for  these  tests.  To  determine  whether 
any  differences  existed  in  the  bullets  of  the  new  lot  and  those 
of  the  same  grade  remaining  from  the  first  series  of  tests,  the 
lots  of  bullets  were  kept  distinct  and  the  corresponding  results 
always  distinguished  by  separation. 

The  average  weights  in  grains  of  the  bullets,  as  given 
in  Column  III, were  obtained  from  individual  weighings; 
the  average  weights  of  the  cores,  however,  were  calculated 
from  the  known  specific  gravity  values  of  .the  carbide  material 
(Table  I),  the  known  specific  gravity  of  standard  A.P.  core 
stock,  and  the  information  that  the  carbide  cores  were  made 
to  the  specification  dimensions  of  the  standard  caliber  .30  M2, 
A.P.  core.  The  specific  gravity  of  the  standard  A.P.  stock 
was  taken  as  8.00  from  an  experimental  determination.  An 
error  of  several  par  cent  in  the  calculated  weight  of  a  core  I 
is  possible  due  to  variation  in  dimensions  alone.  One  of  the  i 


fill 


cores  of  grade  55-8  (20  Co-80  V/C)  recovered  virtually  intact  in 
round  No.  22  against  the  1/2"  face-hardened  plate  No.  1. 
weighed  about  144  grains  (taking  into  account  a  slight  chip 
that  had  broken  off),  as  compared  with  the  calculated  value  of 
140  grains.  The  agreement  is  considered  as  satisfactory  and  1 
any  errors  in  analysis  arising  from  the  calculated  weights  I 
of  cores  are  held  to  be  negligible  as  compared  with  the  ex-  , 
perimental  errors  of  the  remaining  data. 

The  lowest  complete,  highest  partial,  and  limiting 
velocities  for  each  grade  are  given  in  Columns  V,  VI,  and  VII 
respectively.  In  most  cases  data  have  not  been  entered  in  all 
columns;  thus  unless  there  is  some  feature  of  interest  in  the 
lowest  complete  and  highest  partial  velocities  from  which  a 
ballistic  limit  has  been  determined,  these  bracketing  values 
are  omitted.  Under  Column  VIII  labelled  "Designation"  the  [ 
word  "Army"  or  "Navy"  is  given  according  as  to  whether  the 
criterion  of  complete  penetration  employed  in  determining  the 
limiting  velocity  is  that  of  the  Army  (light  through  the 
armor  plate),  or  the  Navy  (projectile  through  the  armor  plate). 
On  many  grades  of  bullets,  particularly  at  normal  impact,  both 
"Army"  and  "Navy"  ballistic  limits  were  determined  for  a  more 
complete  basis  of  evaluation.  At. oblique  impact  no  particular 
attempt  was  made  to  determine  both  limits  partly  because  of  the 
lack  of  sufficient  carbide  bullets,  and  partly  due  to  the  greate 
ambiguity  in  the  determination  of  the  Navy  limit  when  projectile 
cores  shatter  as  was  the  case  with  both  the  special  carbide  ' 
and  standard  A.P.  bullet  cores  (to  be  discussed  in  more  detail  1 
in  later  sections) .  . . 

4«  Use  of  the  Navy  F  Formula  for  Analyzing  Results  1 

•  Table  III 

Numerous  formulae  are  available  for  analyzing  the 
ballistic  efficiency  of  -a.P.  bullets  and  in  general  these 
formulae  suffer  severe  limitations  in  the  scope  of  their 
application.  The  action  of  bullets  against  face-hardened  plate  | 
is  peculiarly  troublesome  from  the  point  of  view  of  adequate 
quantitative  representation.  In  the  present  case  wherein  all 
the  projectiles  being  compared  have  the  same  dimensions  (and 
this  is  specially  important  for  the  core)  the  problem  of  analysi 
is  much  simplified  since  the  factor  of  projectile  or  core 
diameter  does  not  require  consideration.  As  a*  consequence  of  , 
this,  the  fundamental  basis  for  comparing  the  armor  penetrating  1 
efficiencies  of  the  carbide  and.,  standard  bullets  or  cores  I 

must  essentially  be  the  requisite  striking  energies  for  complete! 
penetration.  In  addition  to  the  striking  energies  which  have 
been  computed  for  both  the  core  and  the  bullet,  calculations 
of  the  Navy  "F»  values  are  also  included  in  Table  III  in  view 
of  their  wide  use  .in  previous  Ballistic  Laboratory  Heports 
as  well  as  in  the  reports  of  the  Naval  Hesearch  Laboratory. 

The  Navy  "F”  formula  is  defined  for  small  arms  bullets  in  the 
following: 


r 


i/a 

F  ~  cos • 

where  W  »  weight  of  core  in  grains 

d  *  diameter  of  core  in  inches 
t  =  thickness  of  plate, inches 
e  =  angle  of  obliquity  in  degrees 
V  -  limiting  velocity  or  ballistic  limit  in  f./s. 

This  sets  the  striking  energy  of  the  bullet  proportional  to 
the  ideal  volume  of  hole  the  projectile  would  create  in 
passing  through  the  plate,  the  variable  of  proportionality, 

F  having  units  of  energy  per  unit  volume  or  pressure. 

With  respect  to  the  armor  penetrating  efficiencies  of  small 
arms  projectiles,  calculations  are  generally  based  upon  the 
cores  of  the  bullets,  neglecting  the  jacket  in  so  far  as  its 
contribution  to  penetration  is  concerned.  From  the  given 
F  formula  it  readily  follows  that  for  a.  given  thickness  of  plat 
and  dimensions  of  projectile,  F2  is  proportional  to  the  s trikin 
energy  E  so  that  in  the  present  report  the  use  of  F  is  fundamer 
tally  equivalent  to  employing  the  striking  energy  as  a  basis  of 
comparison  of  the  projectiles.  In  Column  IX  of  Table  III, 

F  values  calculated  for  the  cores  of  all  projectiles  are 
given,  the  lower  F  values  being  associated  with  the  more 
efficient  armor  penetrators . 

5-  Average  Performance  of  Bullets  Against 
1/2"  Face-Hardened  Plate " 

The  firings  against  the  l/2n  face-hardened  plates 
were  the  most  comprehensive  in  number  and  detail.  In  addition 
to  the  standard,  9  grades  of  carbide  bullets  were  investigated, 
including  three  of  the  Co-WC  type  (with  9-20#  Co  as  binder), 
four  of  the  Ni-WC  type  (with  6-20%  Ni  as  binder) ,  one  of 
the  Fe-WC  type  (9%  Fe  as  binder),  and  one  of  a  multiple 
carbide  variety,  Co-TiC-WC  (15#  Co  as  binder) .  The  average 
performance  of  the  specific  types  of  bullets  against  1/2” 
face-hardened  plate  as  well  as  the  grand  average  for  all 
straight  tungsten  carbide  bullets  with  the  standard  deviations 
of  all  average  values  are  presented  in  Table  IV. 

6.  Arrangement  of  Data  from  First  Series  of  Tests 

In  the  first  group  of  tests,  caliber  .30  carbide 
bullets  were  tested  against  1/2”  and  5/8”  face-hardened  plate. 
The  results  for  these  tests  excluding  that  for  the  types 
which  proved  unsatisfactory  or  for  which  the  data  was  too  ! 

erratic,  namely  grades  1835,  X1839,  87 4A,  and  X1812TC1,  are 
given  in  Table  III-B  of  Appendix  A  with  a  summary  in  Table  IV-E 
The  presentation  of  the  data  therein  is  similar  to  that  for 
Tables  III  and  IV  to  facilitate  ready  comparison.  To  re¬ 
iterate,  where  reference  is  made  to  any  information  ; 


acquired  in  this  initial  research,  explicit  mention  is  made 
of  the  fact . 

7.  Average  Penetrating  Efficiencies  of  Carbide  and 

Standard  Bullets  as  Determined  from  All  Available  Data 

From  all  the  available  firings  against  face-hardened 
and  homogeneous  plate,  a  summary  of  the  relative  armor 
penetrating  efficiencies  at  normal  impact  of  standard  A.P. 
bullets, and  bullets  with  sintered  carbide  cores  based  on  the 
average  performance  of  all  satisfactory  grades  is  shown  in 
Table  V  and  Plot  No.  2.  Although  in  the  latter  the  data 
for  1/4"  and  3/8”  face-hardened  plate  were  obtained  from  a 
less  complete  set  of  firings  than  for  the  other  thicknesses, 
the  results  are  adequate  in  indicating  the  general  trend  for 
the  survey. 

The  average  F  values  for  the  caliber  .30  tungsten 
carbide  and  standard  a.p.  bullet  cores  against  face-hardened 
plate  are  portrayed  as  a  function  of  thickness  in  Plot  No.  3. 

All  data  for  this  plot  have  been  taken  from  the  second  group 
of  tests.  Tables  III  and  IV, .with  the  exception  of  the  results 
for  the  5/8”  plate  from  Table  III-B  of  the  first  test  group. 

The  dotted  lines  represent  the  performance  of  standard  caliber 
.30  A.  P.  bullets  against  homogeneous  plate  with  high  and  low 
Brinell  hardnesses  as  indicated.  The  reason  for  the  inclusion 
of  these  curves  will  be  discussed  in  a  subsequent  section. 

F.  -  I.  DISC0SSI0N  OF  BALLISTIC  RESULTS  FACE- 
HARDENED  PLATE.  NORMAL  IMPACT 

1.  1/2”  Face-hardened  Plate.  Normal  Impact 

Ballistic  Results  Caliber  . 30  Bullets 

The  large  amount  of  data  for;  most  of  the  different 
carbide  compositions  from  both  the  first  and  second  series  of 
tests  in  the  firings  against  1/2”  face-hardened  plate  permits 
an  evaluation  of  the  influence  of  type -and  amount  of  binding 
constituent  on  the  armor  penetrating  efficiencies  of  the 
carbide  cores,  and  an  estimate  of  the  degree  of  reproducibil¬ 
ity  of  results. 

i  .  . . 

The  F  values  of  the  carbide  bullets  for  normal  impact 
against  1/2”  face-hardened  plate  as  taken  from  Table  III-B, 
Appendix  A,  for  the  first  test  series,  and  Table  III  for  the 
second  test  series  have  been  represented  in  Plots  Ho.  4  and  5 
as  a  function  of  the  per  cent  of  binding  constituent  for  each 
type  composition.  In  each  series  two  face-hardened  plates  were 
used  and  the  indication  from  the  choice  of  the  plates  (of  the 
same  manufacturer  and  heat)  as  well  as  the  ballistic  limits 
determined  with  standard  ammunition  was  that  the  plates  for 
each  series  were  for  practically,  purposes  the  same.  However 
the  two  Disston  face-hardened  plates  employed  in  the  second  test 
series  showed  with  standard  .30  H2,  A.p.  ammunition  an  average 
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F  y&lue  (for  the  sore)  of  72000  as  compared  with  66250  for 
the  two  Disston  plates  of  the  first  series;  or  based  upon  energy 
of  the  eg re  required  for  penetration,  the  former  plates 
required  approximately  20$  more  energy  than  the  latter,  which 
is  a  significant  amount.  -  ‘ 

1.  =-  a„  Detailed  Consideration  of  Results  of  Initial 
iSmU&ition  ' ' -  ....  .  “T 

Considering  the  first  series  of  tests,  the  F 
yalues  for  the  carbide  cores  with  nickel  binder  are  not 
significantly  different  from  those  for  the  cores  with  cobalt 
as  binding  element.  The  one  sample  with  9$  iron  as  binder  had 
within  experimental  limits  practically  the  same  F  value  as 
the  cobalt  and  nickel  types  with  the  same  percentage  of  binder. 
This  fact  in  conjunction  with  the  fairly  close  agreement  between 
the  nickel .and  cobalt  series  would  indicate  that  the  exact' 
nature  of  the  binding  constituent  is  of  secondary  importance 
in  so  far  as  the  penetrating  properties  of  the  straight 
tungsten  carbide  cores  at  normal  impact  are  concerned.  More¬ 
over,  the  exaet  percentage  of  binder  up  to  about  20 $  does  not 
to  be  of  consequence  for  penetration  at  normal.  Those 
expositions  with  25$  binder  were  clearly  inferior  in  performance 
and  therefore  are  not  discussed  further. 

From  Table  V  it  follows  that  the  average  F  for  , 
the  satisfactory  tungsten  carbide  bullets  against  the  1/2" 
faee=hardened  plate  was  8$  less  than  that  for  the  standard  .30  M2, 
A»P,  bullets,  or,  expressed  otherwise,  the  carbide  cores  re¬ 
quired  approximately  15$  less-  energy  to  penetrate  the  given 
armor  plate  than  the  standard  .30  M2,  A.P.  core.  As  mentioned 
previously,  calculations  based  upon  the  cores  of  bullets  are 
ef  significance  in  determining  the  relative  armor  penetrating  1 
efficiencies  of  small  arms  ammunition.  With  respect  to  other 
faetors,  such  as  the  powder  charge  required,  consideration  of 
the  bullet  as  a  whole  is  desirable.  Therefore,  in  Table  V 
the  relative  performance  of  the  carbide  and  standard  bullets 
as  a  whole  are  given,  basing  the  analysis  on  the  striking 
energies  of  the  respective  bullets  for  complete  penetration.  ] 

This  method  of  comparison  rates  the  bullets  with  heavy  carbide 
core?  even  higher  inasmuch  as  the  heavy  cores  constitute  a 
a  greater  proportion  of  weight  of  the  entire  bullet  than  is 
the  case  with  the  standard  steel  cores;  apfl  therefore  a  smaller 
proportion  of  energy  of  the  bullet  is  contained  in  the  in¬ 
effectual  jacket. 

1.  *  b.  Detailed  Cons iderat ion  of  Results  of  Second 
Test  Series 

While  the  differences  in  penetrating  efficiencies 
of  the  carbide  and  standard  cores  as  found  in  the  first  series 
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of  tests  are  significant  but  not  particularly  startling  except 
in  the  demand  for  an  adequate  explanation,  the  second  group  of 
tests  gave  rise  to  differences  of  a  much  greater  order  of 
magnitude.  From  Plot  No.  5  it  follows  that  the  F  values  for 
the  carbide  cores  were  for  all  but  one  grade  (that  with  13#  Ni) 
appreciably  lower  than  the  corresponding  values  for  the  same 
grades  in  the  first  test  series,  (see  Plot  No.  4)>  while  with 
standard  A.P.  ammunition  as  mentioned -on  pageri5*  the  1/2" 
face-hardened  plates  employed  in  the  second  test  series  had 
a  greater  F  value  than  that  of  the  plates  in  the  first 
test  group.  This  combination  of  factors  resulted  in  a  greatly 
increased  comparative  efficiency  rating  for  the  carbide  bullets. 

Comparing  the  different  grades,  the  F  values  for 
the  nickel  and  cobalt  types  are  practically  the  same  at  9 
and  20#  binder.  At  13#  binder,  however,  departing  from  the 
agreement  found  in  the  previous  tests,  the  F  for  the  nickel 
grade  is  approximately  11#  higher  than  that  for  the  cobalt 
grade.  While  the  features  of  fragmentation  are  to  be  discussed 
at  length  in  later  sections  it  may  be  mentioned  here  that  the 
cause  of  this  difference  as  well  as  the  dispersion  in  results 
is  probably  to  be  attributed  to  fracture  of  the  bullet  cores 
as  dependent  upon  the  complex  circumstances  reigning  at  the 
time  of  Impact.  Taken  as  a  whole  no  significant  differences 
are  found  between  the  values  for  the  cobalt  and  the  nickel 
grades.  Likewise  confirming  the  evidence  of  the  first  group  of 
tests,  the  penetration  of  the  bullets  at  normal  against  1/2” 
face-hardened  plate  is  not  influenced  to  any  appreciable  extent  by 
the  percentage  of  binding  element,  nickel  or  cobalt,  in  the  range 
from  9  to  20#  binder.  The  value  for  the  9#  iron  bearing  grade 
is  well  within  the  general  limits  for  the  nickel  and  cobalt 
grades  thus  indicating  that  with  respect  to  penetration  at  normal, 
iron  is  as  effective  a  binding  element  as  nickel  or  cobalt. 

With  regard  to  the  manufacturing  process  in  reproducing  compositions 
no  differences  were  f ound  in  the  results  for  the  old  and  new 
lots  of  grade  1774  (9  Ni-91  WC) . 

Grade  1835  with  titanium  and  tungsten  carbides 
and  15#  cobalt  as  binder  is, as  noted  previously,  of  particular 
interest  in  view  of  its  having  approximately  the  same  density 
as  that  of  the  3#  tungsten,  standard  A.P.  steel  core  stock. 

The  F  value  for  this  complex  type  is  also  shown  on  Plot  No.  5* 

In  the  initial  investigation  two  lots  of  this  grade  were 
tested  with  an  ambiguous  outcome;  one  lot  giving  an  F  value 
60,800,  which  agreed  fairly  closely  with  that  found  in 
the  second  test  series,  and  the  other  giving  the  much  higher 
F  value  of  71,800,  From  the  recorded  observations  of  the  first 
test  series,  and  the  bullet  recovery  of  the  second  test  group, 
it  appeared  likely  that  this  disparity  could  be  ascribed  to  the  i 
intrinsic  irregular  nature  of  the  fragmentation  of  the  bullet 
cores;  grade  1835  apparently  possessing  a  stronger  proclivity 
toward  breaking  up  than  the  others.  The  dispersion  in  the 
results  for  the  firings  of  all  grades  is  too  large,  and  the 
number  of  samples  of  this  composition  tested  too  few,  to 
determine  precisely  its  relative  status.  For  the  purposes; 
of  this  report  .  . 
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however,  the  available  evidence  is  conclusive  in  proving  that 
with  the  weights  of  cores  equal,  the  armor  penetration  of  the 
carbide  core  against  face-hardened  plate  was  for  the  most 
part  superior  to  that  of  the  standard;  from  Talkie  IY  the  F 
value  of  grade  1835  was  14#  lower  than  that  for  the  standard 
A.P.  core,  or  based  upon  energy,  the  complex  carbide  core 
required  approximately  25#  less  energy  for  complete  penetration 
of  the  1/2"  face-hardened  plate  than  the  standard. 

1.  ~  c.  Summary  of  Conclusions  Concerning  Influence 

of  Composition  of  Carbide  Bullets  from  Kesults 
at  Normal  Impact  on  l/2"  Face-Hardened  Plate 

Any  attempt  at  comparing  the  results  of  the 
two  series  of  tests  is  rendered  difficult  by,  first  the  natural 
dispersion  arising  frequently  when  bullet  or  core  failure 
occurs,  and  secondly  by  the  difference  in  ballistic  quality  of 
the  1/2"  face-hardened  plates  employed  in  the  two  groups  of 
tests.  The  features  that  are  considered  of  most  consequence, 
however-,  have  been  proved  with  a  reasonable  degree  of  engineer¬ 
ing  accuracy,  namely,  to  reiterate: 

,  (1)  The  tungsten  carbide  cores  with  6 
'  . ,  to  20#  of  binding  element  are 

,  .I"':'  •••  superior  to  the  standard  A.P.  cores 

in  their  penetrating  efficiency  agains 
1/2"  face-hardened  plate. 

(2)  Nickel,  cobalt,  and  iron  (as  in- 

»•  dicated  from  the  one  grade  tested) 

are  equally  effective  as  binding 
*  elements  for  the  tungsten  carbide. 

(3)  The  exact  percentage  of  binding 
constituent  in  the  range  from  6  to 
20#  is  not  of  first  order  importance. 

(4)  The  explanation  for  the  superior 
penetrating  ability  of  the  carbide 
bullet  cores  is  not  attributable  to 
their  greater  sectional  density 
than  the  standard  A.P.  core;  the 
results  for  the  complex  grade  1835 
with  approximately  the  same  weight 
of  core  as  the  standard  necessitates 
the  consideration  of  other  physical 
properties  or  characteristics  for  the 

,  solution  of  the  predominantly  greater 

efficiency  of  the  carbide  bullets.  J 
As  will  be  shown  in  later  sections,  i 
the  question  of  the  breaking  up  of 
the  bullet  cores  seems  to  be  of 
paramount  importance. 


2.  1/4"  and  3/8"  Face-Hardened  Plate.  Normal  Impact 

Ballistic  Results.  Caliber  .30  Bullets 

In  order  to  obtain  the  action  of  the  tungsten  carbide 
bullets  against  face-hardened  plate  as  a  function  of  thickness, 
and  observe  the  behavior  of  the  bullets  as  dependent  upon 
velocity,  several  additional  face-hardened  plates  were  fired 
in  addition  to  the  comprehensive  1/2”  face-hardened  experiments. 
Since  the  latter  had  indicated  that  the  exact  percentage  and 
nature  of  binding  constituent  was  of  secondary  importance  for 
normal  impact  against  face-hardened  plate,  the  results  ob¬ 
tained  with  the  more  limited  number  of  tests  at  other  thicknesses 
are  believed  to  be  fairly  reliable  in  representing  the  general 
behavior  of  the  carbide  bullets  as  a  whole. 

In  the  second  series  of  tests,  1/4”  and  3/8n’ face- 
hardened  plates  were  investigated,  grade  1774  (9  Ni-91  WC)  be¬ 
ing  employed  against  the  former,  and  grade  1830  (13  Ni-87  WC) 
against  the  latter.  The  superior  performance  of  the  carbide 
bullets  against  these  plates  was  even  more  marked  than  against 
the  1/2"  face-hardened.  For  the  1/4"  thickness  a  low  enough 
velocity  could  not  be  readily  attained  to  give  a  partial 
penetration  and  therefore  enable  the  determination  of  a 
ballistic  limit.  With  this  plate,  from  Table  V,  the  F  value 
for  the  carbide  core  was  less  than  .6  that  of  the  standard,  i 

and  the  carbide  core  required  less  than  .4  of  the  energy  of 
the  standard  core  for  complete  penetraxion. 

3„  5/8"  Face-Hardened  Plate.  Normal  Impact 

Ballistic  Results.-  Caliber  .30  Bullets 

In  the  first  group  of  tests,  5/8"  face-hardened 
plate  was  investigated  with  the  straight  tungsten  carbide 
grade  cores, 779  and  1774 1  containing  9%  cobalt  and  nickel 
respectively  as  binding  elements.  The  results  for  both  grades 
were  practically  identical  thus  indicating  that  for  thick¬ 
nesses  of  face-hardened  plate  up  to  at  least  5/8",  cobalt 
and  nickel  are  equally  effective  as  binders  with  tungsten  . 
carbide. 

4.  Comparison  of  Results  Obtained  in  First  Group 

of  Tests  for  Tungsten-Carbide  Bullets  against  1/2" 
Face-Hardened  Plate  with  General  Average  Performance 

From  Plot  So.  2  graphically  portraying  the  average  , 
performance  of  the  caliber  .30  tungsten  carbide  bullets  relative: 
to  the  standard,  it  appears  that  the  values  in  the  second 
test  series  for  1/2"  face-hardened  plate  may  be  more  representa-j 
tive  than  those  of  the  initial  investigation.  The  smooth  curves: 
that  may  be  drawn  through  the  points  for  the  1/4" ,  3/8",  and 
1/2"  plates  of  the  second  test  series  and  that  for  the  5/8" 
plate  of  the  first  series  may  be  a  coincidence  but  on  engineer¬ 
ing  principles  some  such  orderly  relationship  is'  probably  to 
be  expec-ted*  and  the  results  for  the  1/2"  plate  of  the  first 


test  series  depart  considerably  from  the  possible  relationship 
among  the  remaining  values  (practically  a  straight  line  in  the 
case  of  the  F  points) . 

5.  ln  Face-Hardened  Plate.  Normal  Impact 

Ballistic  Results.  Caliber  .50  Bullets 

Caliber  .50  bullets  of  the  straight  tungsten  carbide 
type  with  nickel  and  cobalt  as  binding  elements  were  employed 
in  the  first  group  of  tests  against  1"  face-hardened  plates 
with  the  results  given  in  Tables  III-B  and  IV-B  of  Appendix  A 
and  graphically  illustrated  in  Plot  No.  6.  From  this  set  of 
data,  it  appears  that  in  .confirmation  of  the  previous  remarks 
about  the  caliber  .30  tungsten  carbide  bullets,  nickel  and 
cobalt  were  equally  effective  as  binders,  at  least  for 
penetration  at  normal  impact.  However,  in  the  case  of  the 
caliber  .50  bullets,  F  appeared  to  increase  slowly  with  increas¬ 
ing  percentage  of  binding  constituent.  The  lowest  and  therefore 
the  optimum  values  of  F  were  attained  with  6%  binder,  ^he 
average  F  of  the  carbide  cores  was  .91  times  that  of  the 
standard .  To  institute  a  comparison  of  the  average  penetrating 
efficiency  of  the  caliber  .50  tungsten  carbide  bullets  with  that 
of  the  caliber  .30,  the  average  F  value  for  the  caliber  .30 
bullets  was  interpolated  from  Plot  No, 2  for  an  equal  ratio  of 
as  that  obtaining  for  the  caliber  .50  bullets  against  1" 
plate  with  the  results  as  given  below: 


■;  Ratio 

F  of  Carbide  Core 
F  of  Standard  Core 


.50  Ml  1.00"  -  .428"  2.34  .91 

.30  M2  .57"  . 245 ^  2.34  .85 

The  F  values  agree  fairly  closely  and  this  may  be  of  some 

significance  in  indicating  the  order  of  magnitude  of  results 
that  could  be  obtained  with  caliber  .50  carbide  bullets. 

F.  -  II.  •  DISCUSSION  OF  BALLISTIC  RESULTS 

FACE-HARDENED  PLATE.  OBLIQUE  IMPACT 
CALIBER  .30  BULLETS 

In  the  initial  investigation  only  a  limited  amount 
of  experimentation  had  been  conducted  at  obliquities; 
grade  44^  (6  Co-94  WC)  had  been  fired  at  normal,  20°,  and  30° 
against  1/2"  face-hardened  plate,  and  grade  779  (9  Ni-91  WC) 
had  been  fired  at  normal! and  20°  at  5/8”  face-hardened  plate. 
The  tests  were  inadequate  in  number  to  permit  of  a  reliable 
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estimate  of  the  obliquity  characteristics  of  the  carbide  bullets, 
and  therefore  one  of  the  major  objectives  in  the  following  series 
of  tests ,  was  to  gain  a  more  thorough  representation.  The 
results  of  the  foregoing  are  summarized  in  Table  III,  and  Plot 
No.  7,- No.  8,  and  Ho.  9. 

j  1..  1/4°  Face-Hardened  Plate.  Oblicuitv  Performance 

One  grade  of  the  carbide  bullets,  1774  (9  Ni-91  WC) 
was  investigated  at  obliquities  of  20°  and  30°,  the  results 
being  graphically  shown  in  Plot  No.  7.  From  the  slopes  of  the 
F  curves  of  the  standard  and  carbide  bullets,  it  readily 
follows  that  the  penetrating  efficiency  of  the  carbide  bullets 
at  oblique  impact  becomes  relatively  poorer  (i.e.  relative  to 
its  normal  value)  than  that  of  the  standard;  the  absolute 
superiority  of  the  carbide  grade,  however,  is  still  maintained 
up  to  angles  of  30°  at  least.  Thus  the  ratio  of  the  F  value 
of  the  carbide  core  to  that  of  the  standard  increases  from 
.61  or  less  at  normal  to  .89  at  30°,  the  latter  figure 
continuing  to  denote  a  substantial  superiority  of  the  carbide 
grade. 

2.  1/2W  Face-Hardened  Plate.  Obliquity  Performance 

The  most  extensive  series  of  tests  were  conducted 
against  the  1/2M  face^Jiardened  plate,  the  results  for  the 
different  grades  being  "illustrated  in  Plot  No.  8.  The  in¬ 
creasing  spread  in  F  values  as  the  angle  of  obliquity  increases 
from  normal  to  30°  is  apparent.  Inasmuch  -as  later  sections 
on  recovery  of  fragments  show  that  at  oblique  impact  all  carbide 
cores  shattered,  or  rather  pulverized  as  distinguished  from 
the  behavior  at  normal,  according  to  past  experience  large 
dispersions  in  the  experimentally  determined  ballistic  limits 
are  to  be  expected  as  a  consequence  of  the  irregular  or  non- 
uniform  factors  influencing  the  process  of  fracture.  The 
writer  believes  that  probably  the  major  portion  of  the 
variation  in  results  of  the  carbide  grades  at  obliquity  is 
attributable  to  features  of  an  accidental  nature  rather  than  ~ 
to  inherent  differences  in  the  characteristics  of  the  carbide 
grades.  Because  of  this  factor  of  fragmentation  or  the 
associated  dispersion  mitigating  against  more  precise  results, 
no  detailed  attempt  is  made  to  classify  grades  or  compositions 
for  obliquity  performance.  The  apparent  superiority  of  grade 
55-A  (13  Co-87  WC)  is  noted  for  normal  and  20*;  at  30°,  however, 
only  partial  penetrations  could  be  secured.  The  grades  with 
13  and  20%  nickel  showed  the  poorest  performance  of  all  at 
20°,  the  only  angle  of  obliquity  at  which  tests  were  carried 
out  for  these  grades,  the  penetrating  efficiency  being  less 
than  that  for  the  standard.  The  9%  nickel  grade  had  a  low  1 
F  value  at  20°,  and  the  lowest  of  the  group  at  30°.  The  tests 
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evidence  that,  as  with  the  1/4”  face-hardened  plate,  the 
carbide  bullet  cores  at  obliquities  become  relatively  poorer 
penetrators  than  the  standard  A.P.  In  general,  however,  the 
absolute  superior  performance  of  the  carbide  cores  is  maintained 
up  to  angles  of  at  least  20°.  No  complete  penetrations  could 
be  obtained  at  30°  with  the  standard  bullets  against  1/2” 
face-hardened  plate  and  therefore  a  comparison  is  not  possible 
although  the  inference  from  Plot  No.  8  is  that  at  this  angle, 
the  standard  core  might  surpass  the  carbide  onesj  but  it  is  to 
be  noted  that  with  respect  to  the  bullets  as  a  whole,  some  of 
the  carbide  bullets  still  maintained  an  appreciable  greater 
efficiency  as  a  consequence  of  the  more  favorable  weight 
distribution  between  core  and  jacket. 

G.  RECOVERY  OF  BULLET  FRAGMENTS  AND  PLATE  PUNCHINGS 
CALIBER  .30  FIRINGS.  FACE-HARDENED  PLATS 


1.  Presentation  of  Illustrations 


In  the  second  series  of  tests  particular  efforts 
were  directed  toward  the  recovery  of  bullet  fragments  and  plate 
punchings,  the  means  utilized  having^-been  discussed  in  the 
section  on  Experimental  Apparatus,  The  detailed  observations 
on  the  recovery  are  noted  in  Table  II  wherein  the  amount  of 
projectile  core  recovered  intact  from  the  base  or  nose  section 
is  indicated  in  appropriate  columns.  Borne  representative  photo¬ 
graphs  of  the  results  of  the  recovery  program,  and  the  types 
of  holes  produced  by  both  the  carbide  and  standard  cores  are 
presented  in  the  Plate  Series,  P  1  -  P  22,  the  illustrations 
for  fragment  recovery  and  armor  plate  corresponding  generally 
to  the  same  rounds.  The  notation  accompanying  each  illustration 
has  been  made  complete  for  a  ready  appraisal  and  convenience 
in  reference  to  Table  II.  The  figures  are  numbered  consecutively 
for  each  thickness  and  type  of  plate.  Complete  penetrations 
are  shown  from  the  face  and  back  views  of  the  armor  plate. 

The  bullet  fragments  have  been  segregated  according  as  to  whether 
they  were  recovered  in  the  front  recovery  drum  from  the 
face  of  the  plate,  or  in  the  rear  drum  from  the  back  of  the 
plate,  with  no  effort  made  to  separate  jacket  or  plate  material 
from  that  of  the  bullet  cores.  All  illustrations  of  armor 
plate  and  fragments  are  approximately  actual  size;  in  the  case  of 
the  armor  plate  series,  some  variations  in  the  scale  exist  and 
in  addition  because  of  the  distortion  present  in  the  pictures 
(areas  of  armor  plate  were  photographed  on  8”  x  10”  film  and 
the  resulting  prints  cut  up  for  the  individual  illustrations) 
accurate  measurements  are  not  feasible. 


I 


In  order  to  bring  out  more  sharply  some  aspects  of 
the  penetrations  in  the  armor  plate,  resort  was  had  to  the 
artifice  of  painting-  the  sides  of  many  of  the  holes  with  white 
paint,  and  sometimes  in  placing  screens  behind  the  plate  to 
increase  the  contrast  by  making  the  holes  themselves  photo¬ 
graph  dark.  A  judicious  use  of  such  schemes  can  with  somewhat 
more  practice  serve  admirably  to  delineate  and  reveal  desired 
features  that  might  otherwise  remain  obscured  under  the 
practical  conditions  existing  at  the  time  of  photography. 

2 .  l/A"  Face-Hardened  Plate.  Normal  Impact 

The  appearances  of  the  penetrations  of  the  standard 
and  the  carbide  bullets  against  the  1/4"  face-hardened  plate, 
Figure  1,  2  of  Plate  1,  were  quite  similar  with  no  gross  distingui 
shing  characteristics  in  shape  or  dimensions  discernible.  The 
recovered  fragments  of  the  bullets  and  the  plate  punch ings, 
however,  revealed  well  marked  differences  for  the  carbide  and 
standard  bullets.  The  results  tabulated  in  Table  II  showed 
that  the  standard  cores  were  breaking  up  to  a  greater  extent 
at  normal  impact  than  the  carbide  cores,  approximately  3/8"  to 
1/2"  of  the  bases  of  the  carbide  cores  remaining  intact  while 
the  standard  cores  were  breaking  up  into  smaller  fragments. 
Figures  1  -  4  of  Plate  13  demonstrate  these  points.  Figure  3 
having  a  substantial  portion  of  the  carbide  core  intact  in  the 

partially  intact  jacket. 

'<  #  .  '  ‘  *  .... 

The  punching s  froarthe  standard  bullets  were 
approximately  cylindrical  slugs  in  shape  (The  curved  surface 
is  to  be  noted  in  Figure  1)  having  roughly  a  diameter  of 
about  1/4”  and  a  length  equal  to  that  of  the  thickness  of  armor 
plate.  The  punchings  from  the  carbide  bullets  were  smaller 
in  length  with  less  distortion  of  the  sides.  The  most 
significant  difference,  however,  is  not  readily  perceptible 
from  Figures  2  and  4  of  Plate  13  portraying  an  end  on  view  of 
the  punchings  from  the  bullet  entrance  side,  the  intention 
being  to  exhibit  the  clearly  defined  impression  of  the  tip  of 
the  carbide  core.  Figure  4,  lacking  in  the  case  of  the  punching 
for  the  standard.  Figure  2.  From  the  accompanying  sketches, 
delineating  the  general  features  of  the  punchings  discussed, 
and  the  bullet  reeovery  results,  the  inference  - 

Sketches  of  Punchings  from  Carbide 
and  Standard  A.P.  Caliber  .30  Bullets 
1/4"  F.H.  Plate 
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is  that  the  standard  cores,  were  shattering  in  the  early  stages 
of  penetration  on  the  face-hardened  plate,  whereas  the  carbide 
cores  if  breaking  up,  were  doing  so  at  a  later  stage  when  the 
process  of  penetration  had  been  about  completely  effected* 
the  latter  point  being  indicated  by  the  fact  that  the  tip  of 
the  carbide  core  had  practically  reached  the  back  surface 
of  the  armor  plate  before  the  punching  was  ejected  from  the 
rear.  This  behavior  of  the  carbide  and  standard  cores  at 
normal  impact  with  respect  to  fragmentation  a ad  the  aspects 
of  the  types  of  punching s  produced  proved  to  be  characteristic 
in  the  firings  against  the  thicker  face-hardened  plates  as  well, 
with  an  additional  dissimilarity  in  the  appearance  of  the 
penetrations.  \  •  . . 


i>ace-Hardened  Plate..  Oblique  Impact 


For  all  cases  of  oblique  impact  (20°  and  greater), 
against  both  face-hardened  and  homogeneous  plate  of  the  thick¬ 
nesses  included  in  this  investigation,  the  recovery  results 
denoted  clearly  a  sharp  transition  in  the  behavior  of  the  carbide 
cores  on  impact*  whereas  at  normal  a  substantial  fraction  of 
the  average  carbide  core  remained  intact,  at  obliquities  all 
carbide  cores  were  recovered  broken  up  into  fairly  coarse  frag¬ 
ments  (in  sizes  1/16”  -  3/16”)  for  20°  obliquity,  or  in  a 
completely  pulverized  state  (particles  mostly  less  than  1/16” 
in  size)  for  some  20°  and  all  30°  angles  of  obliquity. 

The  standard  bullet  cores  broke  up  at  all  angles  of  obliquity 
against  the  face-hardened  plates.  Figures  5  4nc*  6  of  Plate  14 
illustrate  the  recovery  for  20°  firings .  The  \penetrations  of 
both  the  carbide  and  standard  bullets  at  obliquities  against 
the  1/4* plate  were  irregular  in  character  (Plates  1  and  2). 


^8”  Face-Hardened  Plate.  Normal  Impact 


The  perforations  of  the  3/8”  face-hardened  plate  by 
the  standard  and  carbide  bullets  at  normal  impact  (Figures  1,  3 
of  Plate  3)  displayed  distinct  differences  which  were  further 
accentuated  in  the  1/2”  face-hardened  plates  to  be  described 
in  the  following  section,  and  there  shown  to  be  characteristic. 


The  entrance  hole  for  a  complete  penetration  mhde  by  a  standard 
bullet  was  larger  than  that  made  by  a  carbide  core,  the  former 
always  being  greater  in  diameter  than  that  of  the  bullet  core, 
the  latter  in  general  somewhat  less  than  the  diameter  of  the 
bullet  core  (due  to  the  elastic  contraction  of  the  plate  about 
the  hole  after  the  core  has  passed  through  or  been  removed). 

The  notes  on  recovery  for  the  3/8”  firings,  which  were  less 
comolete  than  those  of  the  others  in  that  the  back  recovery 
drum  was  oaitted,  showed  that  the  standard  bullet  cores  were 
breaking  up  or  shattering  while  the  carbide  cores  were  break¬ 
ing  up  to  a  lesser  degree,  up  to  1/2”  of  the  base  being  re¬ 
covered  intact.  The  punchings  from  the  carbide  bullets  were 
typical  with  respect  to  the  clearly  defined  penetrations  of  the 
carbide  cores  while  the  one  punching  recovered  from  the  standard 
bullet.  Round  5,  was  peculiar  in  that  there  was  a  clean  bored 
hole  within  the  punching;  according  to  the  included  sketches. 

Sketches  of  Punchings  from  Carbide 
and  Standard  A. P.  Caliber  .30  Bullets 
3/8”  F.H.  Plate 
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5.  1/2”  Face-Hardened  Plate  Normal  Impact 

The  firings  against  the  l/2”  face— hardened  plates 
were  the  most  extensive  in  number  and  appropriate  pains  were 
taken  to  secure  a  detailed  representation  of  the  behavior  of 
of  thb  various  grades  of  carbide  bullets  as  well  as  the  standard 
The  appearances .of  some  of  the  penetrations  are  given  in 
Plates  4-8  and  the  results  on  recovery  in  Plates  15-21. 


The  trend  shown  in  the  3/8”  thickness  of  face-hardened  plate 
has  now  become  very  pronounced;  the  holes  made  by  the  standard 
bullets  are  generally  irregular  in  shape  and  appreciably 
greater  in  diameter  than  the  core  (Plate  JL) ;  whereas  the 
perforations  made  by  the  carbide  bullets  (represented  in  some 
detail  for  all  grades  in  Plates  5-7)  are  similar  in  showing 
a  rather  symetrical  conical  surface  with  a  cleanly  formed  entrance 
hole  of  slightly  smaller  diameter  than  that  of  the  core,  at 
the  front  surface,  and  an  exit  hole  of  approximately  1/2”  in 
diameter  at  the  back  surface. 

The  punchings  obtained  (Plates  15  -  18)  possess  to 
an  accentuated  degree  the  distinguishing  characteristics  of 
those  from  the  previously  discussed  thinner  face-hardened  plates. 
Y/hile  the  punching  from  a  standard  bullet  may  be  a  cylindrical  slu 
(Figure  4»  Plate  15)  as  in  the  samples  from  the  1/4”  face- 
hardened  plate,  or  a  punching  from  within  a  larger  punching 
(Figure  2,  Plate  15)  as  in  the  one  example  for  the  3/8”  face- 
hardened  plate,  the  punchings  from  the  carbide  bullets  are 
nearly  all  alike  in  having  a  maximum  diameter  at  the  base, 
corresponding  to  the  rear  surface  of  the  armor  plate,  of  about 
l/2”  and  a  well  defined  penetration  of  the  core  extending  to 
the  base  or  rear  surface  (e.g.  Figures  9  -  11,  Plate  17). 

Figure  9  and  included  sketch  exemplify  practically  an  ideal 
punching  of  the  carbide  type.  Figure  10  is  noteworthy  in  por- 

Sketch  of  Ideal  Punching  from 

Caliber  .30  Carbide  Bullet 

1/2*  Face-Hardened  Plate 


Round  23,  Plate  I 


traying  the  punching  from  a  round  wherein  the  carbide  core  re¬ 
mained  completely  intact.  The  appearances  of  the  penetration 
(Figure  6,  Plate  5)  and  punching  from  this  round  are  similar 
to  those  of  the  other  carbide  firings  and  constitute  an  ex¬ 
cellent  example  of  the  ballistic  behavior  of  high  quality 


(25) 


face-hardened  plate  to  bullet  cores  that  remain  intact. 

The  general  notes  in  Table  II  on  the  recovery  of 
bullet  fragments  show  that  the  standard  cores  were  breaking 
up  or  shattering  at  normal  (Figures  1  and  2,  Plate  15)  and 
the  carbide  cores  were  breaking  up  much  less,  usually  about 
1/2”  -  5/8”  sections  of  their  base  and  smaller  portions  of 
the  nose  remainiiig  intact  (e.g.  Figures  9  and  11  of  Plate  17) 

Some  exceptions'  to  this  general  behavior,  however, 
were  noted  and  require  an  explanation.  Thus  in  Figure  3  of 
Plate  15,  a  standard  bullet  core  is  shown  intact  to  the 
same  extent  as  that  of  many  of  the  carbide  cores.  But  in 
this  case  for  the  standard,  the  round  gave  good  penetration, 
being  in  fact  a  Navy  Complete,  with  the  appearance  of  the 
penetration  corresponding  to  the  carbide  type,  so  that  no 
contradiction  to  the  thesis  of  the  influence  of  the  frag¬ 
menting  of  the  bullet  cores  results.  Further  exceptions  are 
noted  for  those  carbide  cores,  which  were  in  the  minority, 
recovered  as  badly  broken  up  or  shattered’  as  the  standard,  or 
even  worse  (Rounds  38,  51,  and  71  against  Plate  No.  5  il¬ 
lustrated  in  Figures  12,  13,  and  16  of  Plates  17  and  18). 
Round  71  is  of  special  importance  as  being  the  firing  of  the 
complex  carbide  grade  1835  with  the  same  density  as  that  of 
the  standard  A. P.  steel.  The  perforations  produced, 
however,  by  these  rounds  (Figures  7,  8,  and  11  of  Plates  6 
and  7)  are  those  of  the  carbide  type,  that  for  grade  1835, 
Figure  11, being  fairly  typical.  Round  38  for  grade  1695  was 
a  very  high  velocity  Navy  Complete  to  see  the  effect  of 
increasing  the  velocity  of  carbide  bullets  several  hundred 
f/s  beyond  that  required  for  complete  penetration.  Consider¬ 
ing  all  of  the  features  pertaining  to  the  above  carbide 
rounds  that  shattered  at  normal  and  any  others,  the  follow¬ 
ing  pertinent  facts  are  assembled  about  the  usual  example 
of  such; 

•  (a)  The  appearance  of  the  penetration  in 

the  armor  plate  is  similar  to  that  for 
the  firing  in  which  the  carbide  core 
remained  wholly  intact  (Round  22, 

Figure  6  of  Plate  5) 

(b)  The  appearance  of  the  punching  is 
characteristic  of  that  resulting  when 
the  core  is  known  to  have  remained  in¬ 
tact  (Round  22,  Figure  10  of  Plate  17) 

(c)  The  ballistic  results  agree  reasonably 
well  with  other  rounds  wherein  the  cores 
are  known  to  have  remained  mostly  intact 
(as  the  firings  for  grade  55-B) 

and  the  resulting  deduction  is  made  that  the  above  carbide 


cores  although  recovered  in.  the  shattered  condition  must  have 
remained  substantially  intact  for  the  major  portion  of  the 
process  of  penetration  in  contradistinction  ter  the  case  for  the 
standard  A.P.  cores  which  shatter  in  the  earlier  stages. 

5.  -  a.  Comparison  of  Results  of  Carbide  Bullets  against 

Face-Hardened  and  Homogeneous  Plate 

I 

Further  evidence  of  an  indirect  nature  is  avail¬ 
able  concerning  the  action  of  the  carbide  bullets  against' 
face-hardened  plate  from  the  dependence  of  the  average  F  values 
of  the  caliber  .30  bullet  cores  as  a  function  of  thickness. 

Plot  No.  3>  the  average  values  for  the  standard  bullets- against 
the  same  face-hardened  plate  being  also  included  for  comparison. 
Anticipating,  the  results  for  homogeneous  plate,  it  may  be  mentionec 
that  under  these  conditions  where  the  troublesome  circumstances 
of  core  failure  were  practically  entirely  absent  for  all  bullets, 
the  penetrating  efficiencies,  or  F  values,  for  all  the  carbide 
and  standard  bullet  cores  were  identical.  On  Plot  No.  3  the 
F  values  for  a  series  of  homogeneous  plates  of  high  and  low 
Brinell  hardnesses  have  been  denoted  in  the  dotted  lines  to 
obtain  representative  limits  of  performance,  the  data  being- 
taken  from  the  set  of  comprehensive  firings  of  Carnegie  Illinois, 
embodied  in  Firing  Record  No.  20702,  A3, 01,  January  6  -  21,  1941. 

In  asmuch  as  the  F  v^ues  for  the  carbide  and  standard  cores 
are  the  same  against  homogeneous  plate,  the  indication  from 
Plot  No.  4  is  that  from  a  qualitative  and  even  semi-quantitative 
aspect  the  ballistic  behavior  of  the  carbide  bullet  cores 
against  face-hardened  plate  approximates. that  of  either  the 
standard  or  carbide  cores  against  homogeneous  plate.  Also 
for  additional  corroboration,  the; average  F  value  for  the 
caliber  .50  tungsten  carbide  bullet  cores  fired  against  ln  face- 
hardened  plate  (F  =  55,200  from  Table  IV-B)  closely  approximates 
that  obtained  with  standard  caliber  .50  cores  against  hard 
homogeneous  plate.  These  results  seem  indeed  reasonable: 
that  face-hardened  plate  of  good  quality,  with  a  face  hardened 
layer  that  will  not  spall,  shoiild  so  act  in  penetration  by 
bullets  that  remain  intact  roughly  the  same  as  if  it  were 
homogeneous  plate  of  the  same  analysis  and  hardness  as  that 
of  the  body  proper;  taking  into  account  the  fact  that  in  the 
face-hardened  plate  the  face  layers  are  so  hard  as  to  be  inferior 
to  the  body  of  the  plate  with  respect  to  ballistic  resistance. 


f 
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5.  -  b.  Dissipation  of  Energy  by  a  Projectile  tha_t  Shatters 

The  greater  energy  required  for  complete  penetration 
hy  a  projectile  that  shatters  in  the  initial  stage  of  impact 
as  compared  with  one  that  remains  intact  is  assignable  to 
possibly  several  causes*  (a)  the  energy  expended  in  the  shatter¬ 
ing  or  breaking  up  of  the  projectile  itself,  (b)  as  a  result 
of  the  shattering,  the  dispersal  of  the  application  of  the  striking 
forces  over  an  increased  surface  area-  of  the  armor  plate,  thus 
necessitating  the  ejection  of  a  larger  punching  (or  increased 
volume  of  armor  plate  material)  than  would  have  been  the  case 
had  the  projectile  stayed  intact;  the  increased  work  demanded 
probably  bearing  some  relation  to  the  increment  in  area  of  the 
sheared  surfaces  of  the  punching,  (c)  the  relatively  inefficient 
shape  of  the  fragments  for  armor  piercing,  and  (d)  possibly 
an  effect  associated  with  the  impact  strength  of  materials  as 
being  dependent  upon  the  rate  of  application  of  force;  some 
of  the  current  hypotheses,  verified  partially  by  experimental 
evidence,  affirming  that  above  certain  rates  of  application 
of  forces  (of  magnitudes  readily  attained  under  the  conditions 
of  armor  plate  firing)  the  impact  resistance  of  many  materials 
including  steel  decreases  sharply,  so  that  in  a  situation 
wherein  the  projectile  initially  shatters  the  rate  of  application 
of  forces  is  considerably  reduced  thereby  favoring  the  impact 
strength  of  the  armor  plate. 

All  the  available  experimental  evidence  indicates 
then  that  the  appreciable  difference  in  penetrating  efficiencies 
of  the  standard  and  carbide  bullet  cores  against  face-hardened 
plate  is  attributable  to  the  basic  factor  of  premature  core 
failure  in  the  action  of  the  standard.  That  sectional  density 
probably  does  not  play  a  role,  as  might  be  readily  assumed,  may 
be  inferred  from  the  results  for  the  complex  carbide  grade,  1835 
with  the  same  weight  of  core  as  the  standard. 

5.  -  c.  Correlation  of  Ballistic  Results  for  Carbide 

Bullets  with  Fragment  Recovery 

As  is  evident  from  the  results  of  recovery,  with 
the  exception  of  a  few  rounds-  the  carbide  cores  probably  did 
not  remain  intact  throughout  the  entire  process  of  penetration, 
and  it  would  appear  therefore  that  the  differences  found  in 
the  results  for  the  various  grades  as  well  as  the  dispersion 
or  erratic  behavior .encountered  in  some  rounds  are  to  be 
ascribed  to  the  breaking  up  of  the  carbide  cores.  The  exact 
stage  at  which  fracture  occurred  and  other  details  of  the 
action  of  any  given  carbide  bullet  are  of  course  quite  impossible 
to  determine  fully  although  the  nature  of  the  punching  produced 
and  the  recovered  fragments  may  furnish  important  clues.  In 
general,  detailed  consideration  of  the  features  of  fragmentation 
of  the  carbide  ballets  from  the  experimental  data  available 
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cannot  lead  to  a  completely  straightforward  explanation  of  the 
observed  differences.  * 

The  penetrating  efficiencies  for  the  cobalt  series 
follow  reasonably  closely  the  state  of  the  recovered  cores, 
the  compositions  with  13  and  20^  cobalt,  which  possessed  the 
lowest  F  values  of  all  carbide  cores,  having  a  large  fraction 
of  an  average  core  remaining  intact  (the  core  found  completely 
intact  was  from  .the  20 %  grade) .  The  punchings  from  the  above 
series  and. the  internal  penetrations  of  the  core  appeared 
well  formed  with  no  abnormal  features.  Similarly  no  serious 
discrepancies  are  found  in  the  other  firings  except  those  for 
the  13%  nickel  grade  and  the  complex  grade,  1835  both  of  which 
had  a  rather  high  F  values  with  a  normal  amount  of  intact 
recovery.  A  possible  explanation  for  these  is  advanced  on  the 
indicative  features  of  their  punchings,  the  internal 
penetrations  in  both  cases  showing  20°  or  larger  yaw  from  the 
v  normal  to  what  corresponds  to  the  rear  surface  of  the  armor 

plate,  as  in  the  accompanying-  sketches. 


Lowest  Complete .Penetrations, 
Illustrating  Yaw  of  Bullets  in  Plate 


Grade  1830A,  13#Ni  *  Complex  Grade  1835 

Round  55,  Plate  V  Round  71,  Plate  V 

This  interpretation  does  not  account  for  any  of  the  other 
rounds  for  these  two  grades  with  high  F  values  and  no  further 
attempt  is  made  to  do  so,  the  complexity  of  the  actions  in¬ 
volved  in  the  penetrations  of  projectiles  that  break  up  making 
any  thorough  evaluation  too  difficult  and  not  very  convincing. 
For  engineering  reasons  the  13%  nickel  compositions  should  not 
be  inferior  to  the  6  or  20#  ones  so  that  the  spread  in  F  values 
for  the  respective  -cores  probably  is  some  measure  of  the 
dispersion  in  results  that  may  arise  due  to  variations  in  the 
precise  conditions  of  test  as  well  as  in  the  manufacture  of  the 
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bullets,  although  tests  of  the  two  lots  of  grade  1774  (9  Ni-91  WC 
demonstrated  a  remarkably  close  agreement  in  behavior. 

6.  1/211  Face-Hardened  Plate.  Oblique  Impact 

At  all  angles  of  obliquity,  the  standard  and  carbide 
bullet  cores  broke  up  or  pulverized  (Plates  19  -  21)  as  in  the 
obliquity  firings  against  the  1/4"  face-hardened  plate.  For 
the  20°  firings,  from  the  appearances  of  the  holes  produced 
in  the  armor  plate  (Plates  7  -  10)  and  the  nature  of  the 
punchings,  a  rather  reasonable  explanation  of  the  penetrating 
efficiencies  of  the  cores  in  Plot  No.  8  may  be  advanced  in  that 
there  is  a  fairly  close  degree  of  correlation  between  the  size  of 
the  p erf orations  produced  and  the  penetrating  efficiencies  of 
the  cores,  the  larger  holes  and  punchings  being  associated 
with  the  least  efficient  penetrators.  The  data  from  Plot  No.  8 
and  the  pertinent  information  from  the  photographs  have  been 
tabulated  below;  .* 


■-  -  TROUGH  CORRELATION  OF  SIZE  OF  PERFORATION  AND 


'PUNCHING  WITH  NAVY  F  VALUE  FOR  CARBIDE  AND  STANDARD 
"  “  BULLET  CORES  AT  20°  OBLIQUITY — 

F  Size  Hole.  Illustrations 

Grade  Value  Punching  Armor  Plate  Punching 


Most  Efficient  Penetrators.  Lowest  F  Values 


55A(l3Co) 

60,600 

small 

“£ig. 

14 

Plate 

8 

Fig. 

20 

Plat' 

k 

1$ 

1774 (9Ni) 

66,000 

very  small 

16 

9 

23 

20 

Least  Efficient  Penetrators.  Highest  F  Values 

Standard 

78,500 

large 

12,13 

7,8 

18,19 

19 

1830A(13Ni) 

83,500 

large 

17 

9 

24 

20 

183lA.(20Ni) 

85,300 

large 

17 

9 

Results 

for  Which  Relationship 

Does  Not 

Hold 

1695 (6Ni) 

76,600 

small 

16 

9 

22 

-  20 

55B(20Co) 

67,700 

fairly  large 

15 

8 

21 

20 

The  correlation  in  the  above  table  is  qualitatively  fairly  sat¬ 
isfactory  with  the  exception  of  the  two  results  noted. 

At  20°  the  general  absolute  superior  penetrating 
efficiency  of  most  of  the  carbide  core  bullets  is  attributed 
to  the  fact  that  although  at  this  angle  all  cores  are  recovered 
shattered  or  pulverized,  the  carbide  cores  showing  the  best 
performance  remained  substantially  intact  during  the  greater 
part  of  the  act  of  penetration  whereas,  in  contrast, the  carbide 
and  standard  cores  with  the  poorest  performance  shattered 
soon  after  impact.  These  statements  are  inferred  from  the 
character  of  the  resulting  punchings:  the  punchings  for  the 
cores  with  the  poorest  performance,  e.g.  Figures  18  and  24 
of  Plates  19  and  20,  were  slugs  with  very  little  penetration 
of  the  cores  showing  therein;  while  in  the  punchings  from  the 
carbide  cores  with  the  best  performance,  the  cores  penetrated 
a  considerable  distance,  e.g.  Figure  20  of  Plate  19. 

At  30°  obliquity  complete  penetrations  were  obtained 
with  the  nickel  and  20/S  cobalt,  tungsten-carbide  bullets; 
partial  penetrations  resulting  for  the  6$  nickel  and  13% 
cobalt  grades  as  shown  graphically  in  Plot  No.  8.  All  cores 
were  recovered  pulverized  (Plate  21);  and  concerning  the  appearanc 
of  the  armor  plate,  the  perforations  are  illustrated  in  Plate  10. 
One  of  the  punchings.  Figure  26  of  Plate  21,  indicated  very 
little  penetration  of  the  core  before  fracture  occurred;  from 
the  other.  Figure  28  of  Plate .21,  no  definite  conclusions  appeared 
warranted .  - 


7.  Correlation  of  Ballistic  Results  and  Fragment  Recovery 

with  Physical  Properties  of  Carbide  Bullet  Cores 

In  view  of  what  has  been  stated  concerning  dispersion 
as  evidenced  in  the  case  of  normal  impact  by  the  lack  of  agree¬ 
ment  in  the  relative  status  of  the  grades  from  the  ballistic 
data  of  the  two  series  of  tests,  and  in  the  case  of  oblique 
impact  by  the  anomalous  results  of  the  firings  at  30°  obliquity 
against  1/2"  homogeneous  plates  (to  be  discussed  in  later  sections] 
as  well  as  in  several  examples  pertaining  to  face-hardened  plate; 
any  classification  of  the  various  grades  with  respect  to  general 
ballistic  efficiency  would  be  insufficiently  clear  cut  and 
controvertible.  Accordingly,  beyond  the  proof  of  a  negative 
nature  expressed  previously  that  sectional  density  per  se 
cannot  account  for  the  prevailing  greater  efficiency  of  the 
carbide  bullets  against  face-hardened  plate,  no  correlation 
of  the  physical  properties  of  the  carbide  core  materials,  as 
given  in  Table  I  and  Plot  I,  with  the  complete  results  of  the 
investigations  seems  apparent,  and  any  extended  analysis  could 


scarcely  be  very  profitable.  If,  for  example, with  regard  to 
the  obliquity  firings,  the  relative  transverse  strength  of  the 
carbide  materials  be  considered  as  indicative  of  the  resistance 
to  transverse  impact  and  therefore  a  possible  influence  in  the 
action  at  oblique  firings,  the  high  F  values  for  the  13  and  20 % 
Ni  grades  at  20°  are  unexplainable,  evidently  inasmuch  as  they 
possess  approximately  the  same  transverse  strength  as  the  9 % 

Ni  grade  with  one  of  the  lowest  F  values  at  this  angle. 

Further  speculation  on  this  score  is  not  offered 
other  than  the  writers  belief  that  the  major  factor  in  the 
carbide  cores1  behavior  distinguishing  them  from  the  standard 
in  firings  up  to  about  30°  or  less  against  face-hardened  plate 
is  their  greater  resistance  to  the  impact  forces  during  the 
principal  part  of  the  process  of  penetration,  and  that  this 
high  resistance  to  normal  impact  may  possibly  be  associated 
with  their  high  compressive  strength. f  As  the  correlation  of 
impact  properties  of  metals  at  high  velocities  with  statically 
determined  physical  properties  is  relatively  in  an  embryonic 
state,  the  above  hypothesis  is  advanced  as  a  conjecture  with¬ 
out  much  basis. 


H.  ANALYSIS  OF  DIFFERENCES  IN  RESULTS  AS  DETERMINED 

FROM  "ARMY”  AND  "NAVY"  BALLISTIC  LIMITS 

. 

In  sections  concerning  the  ballistic  resuits  on  face- 
hardened  plates  at  normal  lmpace,  the  analysis  centered  on  the 
efficiencies  of  penetration  based  upon  limiting  velocities 
determined  in  accordance  with  the  Army  criterion  of  a  complete 
penetration,  and  the  question  arises  as  to  what  degree  would 
the  comparison  of  the  bullets  have  to  be  modified  were  the 
Navy  criterion  of  complete  penetration  employed.  From  Table.  Ill, 
the  data  bearing  on  the  relationship  between  the  "Army1'  and 
"Navyn  results  have  been  outlined,  below.  Some  results  for 
obliquity  firings  are  also  included  where  this  was  found  incident¬ 
ally  in  the  course  of  the  investigations,  no  particular  effort  < 
being  directed  toward  this  end  in  view  of  the  difficulty  ex¬ 
perienced  in  determining  Navy  limiting  velocities  at  obliquities 
when  projectiles  break  up  or  shatter. 

COMPARISON  OF  RESULTS  DETERMINED  /  '  •  \ 

FROM  ARMY  AND  NAVY  CRITERIA  i  .5 

OF  COMPLETE  'PENETRATION  (from  Table  III)  .•*. 

FACE-HARDENED  PLATE  .  |- 

Grade  Angle  "Army"  Limit  "  Array  "iv'7  $*Navy-VArmy  FNavy-FArmy 
of  Velocity  F  f/s 

_  Obliquity  f/s  _ 


Thickness  1/4" 


Standard 

1774 

Standard 

N 

N 

4K. 

s 

}  ■ 

2119  78200 

949  >47500 

(partial) 

Jhicknesa  1/2" 

2755  72000 

(Average  of  two  tests) 

87 

>349 

0 

3400 

>17500 

0 

779 

<  N  •>. 

1652 

^4  58300 

45 

1700 

55A 

N 

.  1522 

^53000 

141 

4800 

55B 

N, 

1607 

54600 

98s 

3200 

30® 

2623 

77000 

45 

1500 

1695 

20° 

2275 

76555 

24 

900 

1774 

N 

KZi“ 

58000  7 

- 121 

(approx. ) 

4200 

(approx 

1830A 

20® 

1991 

66000 

>44 

>1660 

N 

1749 

61000 

0 

0 

1831A 

N 

1605 

54800  :  • 

0 

0 

1816 

N 

■  ••;:/;•  1574 

(partial) 

<55000" 

>30 

>500 

) 


Note: 


1  Subscripts  "Army"  or  "Navy"  denote  which  criterion  of  penetration  is  employed 
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For  the  1/4"  plate  the  data  are  too  meager  to  warrant 
any  conclusions  other  than  that  the  large  differences  for  the 
carbide  grade  can  possibly  be  attributed  to  the  effect  of  the 
Jacket  at  these  low  velocities.  In  the  1/2"  thickness  both 
"Army"  and  "Navy"  results  are  experimentally  identical  for  I 

the  standard  bullets  and  two  of  the  carbide  type;  for  the  | 

^  remaining  carbide  bullets,  the  greatest  difference  between  I 

the  "Army"  and  "Navy"  F  values  was  on  the  order  of  10$  and  i 

the  average  about  6%.  The  explanation  for  the  generally 
close  agreement,  identical  in  many  instances,  in  striking  vel¬ 
ocities  required  for  an  "Army”  or  "Navy"  complete  penetration 
against  face-hardened  plate,  (in  contrast  to  that  against  hom¬ 
ogeneous)  is  readily  apparent  from  the  examinations  of  the  armor 
plate  and  punchings.  In  obtaining  an  "Army"  complete  penetration  1 
with  a  standard  bullet,  a  cylindrical  slug  of  greater  diameter 
than  the  bullet  core  (due  to  breaking  up  of  the  core)  is  ex-  | 

pelled  from  the  plate  thus  leaving  a  hole  through  which  the  I 

core  material  can  pass  to  make  also  a  "Navy"  complete  penetration.  I 
With  respect  to  the  carbide  grade  bullets,  the  character  of  the  | 
punchings,  showing  the  internal  penetrations  of  the  cores,  was 
discussed  in  some  detail  in  pages  2*1-25  .  Numerous  examples 
of  punchings  (some  of  them  illustrated,  but  not  with  sufficient 
clarity  in  the  photographs)  were  found  in  which  the  carbide 
core  had  penetrated  Just  to  the  rear  surface,  thus  making  a  pin 
hole  in  the  back  of  the  armor  plate  and  therefore  an  "Army"  ( 

complete  penetration  before  the  punching  was  sheared  from  the 
plate.  The  cores  of  the  carbide  bullets,  however,  were  hindered 
somewhat  in  passing  through  the  armor  plate  after  the  punching 
by  possibly  forces  of  a  restraining  and  destructive  nature: 
the  armor  plate  in  the  immediate  vicinity  of  the  entrance  hole 
is  constricted  by  elastic  reaction  about  the  bullet  core  and 
therefore  additional  work,  which  should  be  slight,  is  required 
to  complete  passage  through  the  armor  plate  due  to  the  frictional  i 
forces;  furthermore,  if  the  bullet  strikes  with  slight  additional  | 
yaw,  the  core  may  be  broken  by  the  bending  forces  encountered 
at  the  sides  of  the  restricted  entrance  hole,  thus  accounting 
for  the  large  number  of  sections  from  the  base  found  in  front  of 
the  plate.  The  circumstances  affecting  the  course  of  the  above 
actions  are  complex  and  unpredictable,  the  data  given  furnishing 
an  indication  as  to  the  limits  in  behavior  that  may  be  expected. 

From  the  results  described  in  this  section  it  would 
follow  that  the  comparison  of  the  carbide  and  standard  bullets 
based  on  "Navy"  ballistic  limits  would  deviate  quantitatively 
slightly  in  that  the  measure  of  supremacy  of  the  average  per¬ 
formance  of  the  carbide  cores  would  be  slightly  less  than  that 
derived  from  the  "Army"  ballistic  limits. 
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I.  DISCUSSION  OF  BALLISTIC  RESULTS. 

blLlBEH  .30  FIRINGS.  HOMOGENEOUS  PLATE 

In  order  to  obtain  an  analysis  of  the  relative  perform¬ 
ance  of  the  carbide  and  standard  cores  under  conditions  wherein 
core  failure  would  play  little  if  any  role,  and  thereby  that 
the  influence  of  sectional  density  and  possibly  other  factors 
dependent  upon  the  physical  properties  of  the  core  materials 
might  be  ascertained,  firings  against  homogeneous  plate  were 
included  in  the  second  series  of  tests.  The  plates  tested,  of 
thicknesses  1/2"  and  5/8”,  were  chosen  from  a  group  of 
Carnegie  Illinois  homogeneous  armor  plates  of  a  given  composition 
type  .with  yarying  Brinell  hardnesses  attained  by  drawing  at 
different  temperatures.  As  stated  previously,  a-  comprehensive 
series  of  results  for  the  behavior  of  the  entire  related  group 
with  standard  ammunition  at  normal  and  obliquities  was  available 
from  Firing  Record  No,  20703 ,  A301,  January  6-21,  1941  • 

1,  1/2 "  Homogeneous  Plate ,  Normal  Impac t 

BallTs  tie  Re  sultsj  Ca  liber  ,  3(1  Bui  lots 

The  i/2"  homogeneous  plate  selected  for  test  was  of 
medium  Brinell  hardness,  341,  Two  carbide  grades  were  investi¬ 
gated,  1774  (9N1-91WC) ,  and  1835  (15Co~39TiC-46WC) ,  the  former 
being  among  the  densest  of  the  carbide  core  materials  tested, 
density  14«57,  and  the  latter  among  the  lightest,  having  approxi¬ 
mately  the  same  density  as  that  of  the  standard  A.P.  core  stock. 

The  results  in  Table  III  show  conclusively  that  well  within  the 
experimental  errors  the  F  values  for  both  grades  of  carbide 
bullets  are  identical  with  that  for  the  standard  A.P,  core.  The 
F  values  herein  discussed  were  based  upon  the  "Army"  limiting 
velocities.  Consideration  of  the  F  values  based  upon  the  "Navy" 
limit  is  hampered  somewhat  by  lack  of  a  sufficiently  well  defined  j 
"Navy"  ballistic  limit  for  the  carbide  bullets  due  to  limitation  i 
of  ammunition.  However,  the  indication  from  the  data  is  that 
the  F  value  for  the  carbide  core,  grade  1774, would  be  practically 
the  same  as  that  for  the  standard  A.P.  core,  as  was  indeed  found 
to  be  the  ease  for  firings  against  the  5/8“  homogeneous  plate. 

2.  1/2”  Homogeneous  Plate,  Oblique  Impact 

Ballistic  Results,  Caliber  .30  Bullets 

The  oblique  performance  of  the  carbide  cores  against 
the  1/2”  homogeneous  plate  was  determined  for  grade  1774  (9Ni-91WC] 
at  30°.  Unfortunately  the  firings  on  the  1/2"  Carnegie  Illinois 
plate  had  to  be  discontinued  before  a  ballistic  limit  could 
be  attained.  In  the  ensuing  interval  before  the  tests  were  re-  i 
sumed,  the  1/2"  Carnegie  plate  was  removed.  A  Disston  1/2" 
homogeneous  plate  of  Brinell  hardness  321,  and  having  approxi¬ 
mately  the  ballistic  limits  with  standard  ammunition  at  normal 
and  30°  was  selected  for  the  completion  of  the  obliquity  tests. 

With  the  few  earbide  bullets  remaining  a  complete  penetration 
was  not  quite  obtained  and  therefore  an  estimate  based  upon 


I  t 


the  results  of  the  incomplete  tests  of  both  plates  was  made. 

From  Plot  No.  9,  it  follows  that  the  penetrating  efficiency  of 
the  carbide  bullets  tested  against  homogeneous  armor  plate 
at  obliquities  becomes  inferior  to  that  of  the  standard. 

3.  5/81*  Homogeneous  Plate,  Normal  Impact 

Ballistic  Results.  Caliber  .30  Bullets 

The  5/8"  plate  obtained  from  the  related  group  of 
Carnegie  Illinois  plate,  was  the  softest  of  the  series  having 
a  Brinell  hardness  of  only  258.  One  carbide  grade,  1830 
(l3Ni-87WC)  was  employed  for  the  tests.  The  results  from  Table  Ii; 
show  that  again  well  within  the  experimental  error  the  energies 
or  F  values  for  the  core  are  identical  to  the  corresponding 
quantities  for  the  standard  core  when  calculated  according  to 
either  the  "Army”  or  "Navy”  limiting  velocities.  Of  course, if 
the  energies  corresponding  to  the  mass  of  the  entire  bullet  are 
considered,  the  standard  bullet  is  less  efficient  than  the 
tungsten-carbide  requiring  1.3  times  the  energy  of  the  carbide 
bullet  for  complete  penetration  in  view  of  the  greater  proportion 
of  its  energy  being  dissipated  in  the  ineffective  (for  armor 
penetration)  Jacket  material, as  pointed  out  previously  on 
page  15  . 
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J.  -RECOVERY  OF  BULLET  FRAGMENTS 

CALIBER  .30  FIRINGS.  HOMOGENEOUS  PLATE 

1.  l/2n  Homogeneous  Plate,  Normal  Impact  - 

As  expected,  in  no  cases  for  normal  impact  was 
shattering  of  any  of  the  cores  found.  Generally  the  cores  of 
the  two  grades  of  carbide  bullets  were  recovered  broken  approxi¬ 
mately  in  two,  the  base  section  falling  in  front  of  the  plate, 
and  the  nose  remaining  intact*  usually  in  the  plate, at  the  velo¬ 
cities  employed.  Two  of  the  standard  cores  behaved  in  a  similar 
manner  while  four  with  a  higher  striking  velocity  remained 
completely  intact.  Typical  examples  are  illustrated  in 
Figures  1,  2,  and  3  of  Plate  22. 

•  • 

Observations  at  the  time  of  test—  as  stated  previously, 
the  plate  was  removed  before  further  tests  at  obliquities  and 
illustrations  could  be  secured — revealed  no  important  differences 
in  the  character  of  the  perforations  produced  by  the  standard 
or  carbide  bullets. 

As  opposed  to  the  case  with  face-hardened  plate,  no 
punchlngs  were  formed  from  the  relatively  soft  homogeneous 
plate,  the  process  of  penetration  being  essentially  of  a  piercing 
character  with  the  armor  plate  possessing  sufficient  ductility 
to  yield  by  plastic  flow  to  the  bullet  cores. 

2.  5/8w  Homogeneous  Plate,  Normal  Impact 

The  recovery  results  v:ere  similar  to  those  found  for 
the  1/2”  homogeneous  plate,  the  projectile  cores  remaining . 
either  intact  or  breaking  in  two  with  the  nose  intact  in  the 
plate.  The  appearances  of  the  penetrations  in  the  armor  plate 
are  illustrated  in  Plates  11  and  12.  The  only  difference  in 
the  perforations  produced  by  the  carbide  cores  of  grade  1830 
(13Co-87WC)  and  the  standard,  was  the  slight  impression  on  the 
face  of  the  armor  plate  concentric  to  the  entrance  hole  in  the 
case  of  the  standard.  This  is  undoubtedly  due  to  the  impact 
of  the  jacket  material  which  had  a  greater  energy  in  the  standard 
bullets  than  in  the  slower  and  heavier  carbide  bullets.  With 
respect  to  the  other  features  of  the  penetrations  such  as  the 
flow  of  metal  as  revealed  from  the  back,  Plate  12,  no  significant 
variations  could  be  detected. 

For  both  homogeneous  plates,  therefore,  the  inference 
from  the  essential  similarity  in  appearances  of  all  perforations, 
and  the  complete  agreement  in  F  values  for  standard  and  carbide 
cores :  is  that  the  breaking  of  the  carbide  cores  in  two  did  not 
affect  adversely  the  armor  penetrating  efficiency  of  these 
bullets;  or  expressed  otherwise,  against  homogeneous  plates  of 
low  and  medium  Brinell  hardnesses  at  normal  impact,  both  standard 
and  carbide  cores  remained  intact  for  the  greater  part  of  the 
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process  of  penetration. 

♦»  *  ' 

3.  l/2w  Homogeneous  Plate.  Oblique  Impact 

At  30°  obliquity,  the  carbide  cores  of  grade  1774 
(9N1-91WC)  were  recovered  in  a  pulverized  state,  as  shown  in 
Figure  4  of  plate  22,  in  conflrmity  with  the  previously  prooved 
weakness  of  these  cores  to  transverse  impact.  Although  no 
standard  shots  were  fired  at  this  obliquity,  the  results  being 
available  from  previous  firings,  it  can  reasonably  be  assumed 
on  the  basis  of  numerous  tests  of  the  same  nature  that  the 
standard  bullet  cores  broke  up,  but  did  not  pulverize.;,  The 
superiority  of  the  standard  cores  at  obliquities  agaihst 
homogeneous  plate  is,  of  course,  to  be  ascribed  to  the  latter 
fact.  v 


CONCLUSIONS 


The  superior  penetrating  efficiency  of  the  carbide 
bullets  against  face-hardened  armor  plate  is  due  to  the 
important  feature  that  in  the  process  of  penetration,  the 
carbide  bullet  cores  tend  to  remain  intact, .whereas  the 
standard  tend  to  shatter  initially.  These  results  corroborate 
the  well  known  fact  that  in  face-hardened  plate,  the  primary 
purpose  of  the  face-hardened  layer  is  to  shatter  an  armor 
piercing  projectile  in  the  initial  stages  of  impact;  and  that 
when  it  fails  to  perform  this  task,  the  resulting  ballistic 
resistance  of  the  plate  is  inferior  to  that  of  best  quality 
homogeneous  armor. 

For  homogeneous  plate  the  results  are  conclusive  in 
indicating  that  for  small  arms  projectiles  the  sectional  density 
of  the  core  per  se  has  no  influence  upon  the  armor  penetrating 
efficiency  thereof;  and  the  extension  of  this  significant  im¬ 
plication  to  projectiles  of  the  major* caliber  type  appears 
reasonable. 

Apart  from  the  economic  factors  involved,  carbide  bullets 
for  practical  use  suffer  at  the  present  time  severe  limitations 
that  are  associated  with  their  relative  weakness  to  transverse 
impact.  Thus,  for  use  against  aircraft,  in  which  application 
the  airplane  skin  or  covering  customarily  imparts  an  appreciable 
yaw  to  the  perforating  bullets *  these  carbide  bullets  would 
probably  be  unsuitable  in  view  of  the  poor  penetrations  that 
could  be  expected  from  them  with  large  striking  yaws. 


RECOMMENDATIONS 


If  the  advantages  to  be  gained  from  the  characteristic 
behavior  of  carbide  bullets  against  face-hardened  plate  prove 
to  be  of  importance  for  any  specific  applications,  further 
experimentation  on  practical  and  academic  grounds  would  be 
warranted  on  other  metallic  carbides  and  intermetallic  com¬ 
pounds  that  might  be  economically  preferable  to  tungsten-carbide 


ACKNOWLEDGEMENT 

The  author  wishes  to  express  his  appreciation  of  the 
criticisms  and  suggestions  offered  by  Mr.  Kent  and  Mr.  Tolch 
in  the  preparation  of  this  report. 


J.  Leeder 


TABLE  I 


Composition  and  Physical  Properties  of  Tungsten  Carbide  Core 
_ Material  of  Experimental  Bullets _ 
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Table  II 


List  of  Abbreviations  Employed*  "x 

v.  .  ;  *  •  *•  •  ;  -  ,  \ 

v  *•  Partial  (penetration) 

,•/  =  ,  Complete  (penetration) 

Diameter'  penetration 
Punching  started 
Slight  bulge 
Medium  bulge 
large  bulge 
Core  in  Plate  \ 
Passed  through  Plate 
Intact 
Face  spall 


A..  =  Army  type  complete  penetration 
N.  *  Navy  type  complete  penetration 
cd.=  Diameter  of  penetration  ah  face  of 
plate  is  equal  to  or  slightly  less 


i 


than  that  of  the  standard  caliber 

.30  M2,  A.P.  core. (.245") 

*  ' 

,,  .  jM  .  ...  'f':. 

•  *  • 

Remarks 

1.  Under  "Results  on  Plate",  the  diameters  of  the  penetrations  ! 
at  the  face  and  back  of  the  armor  plate  are  entered  in  the  appro¬ 
priate  columns.  To  conserve  space,  any  additional  remarks  con¬ 
cerning  the  results  on  the  armor  plate  are  made  in  the  same  columns 
Estimated  values  of  yaw  refer  to  the  yaw  of  the  projectile  hole 
in  the  armor  plate.  i 


2 .  Under  "Results  on  Projectile”  the  attempt  is  generally 
made  to  separate  the  remarks  on  the  nose  and  the  base  sections 
through  inclusion  in  the  appropriate  columns.  In  many  cases, 
however,  the  amount  of  space  Is  inadequate  and  overlapping  is 
necessary.  Fragments  recovered  in  front  of  the  plate  are  noted 
besides  the  letter  F.  while  those  recovered  from  the  back  are 
noted  besides  the  letter  B.  -  .  '  5 


*  .  f  **' 

3.  In  the  column  under  "Striking  Velocity",  one  asterisk 
sign  is  used  to  indicate  both  the  lowest  complete  and  highest 
partial  velocities  employed  in  determining  the  "Army"  type 
ballistic  limit,  while  double  asterisk  signs  are  used  to 
indicate  the  corresponding  velocities  for  the  "Navy"  type 
ballistic  limit.  •  ...  • 
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Table  II  Detailed  Firing  Data  and  Notes  on  Recovery 
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>,  punching 

24 

55B 

3 

! 

223.5 

N 

1568 

P 

1 

C.I.P 

Pun. 

• 

3 

n 

7/16"  int. 
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of 
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Strik. 
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Result  on  Projectile 

Grade 

Core 

-Jfot 

Vt. 

Crns . 

Pen. 

of  Pen.  I 

Nose 

Bas 

r’.'ice 

nack 

25 

55B 

4 

Dlsi 

ton  F.  H. 

Plate  Nc 

.  1.  d€ 

at  108 

1.  Thick.  ; 

/2"  (Cont'd 

0 

3/4"  Int. 

224. 

N 

1590* 

P. 

C.I.P 

Pun. 

•# 

s. 

F. 

26 

55B 

6 

221.5 

N 

1623* 

C 

C.I.P 

3/8"x7/16"t 

F. 

B.  Fragment 
of  nose, 
tip  brok 
Punching 

1/2"  int.  i 
plate 

3 

m. 

"27 

1774 

(new 

lot) 

13 

237.5 

N 

1637 

P 

« 

Passe 
shiel 
cover 
Hit  p 
large 

i  through 
i  of  re- 
f  drum. 

Late  with 
yaw. 

F.  Pulverizi 

3d 

28 

1774 

(new 

lot) 

14 

236 

N 

1771** 

0 

C.I.P 

l/4"x! 

1 

^/16» 

?/l6"x7/i6» 

F. 

B.  Several 
fragment! 
3/16*' 
Punching 

7/16"  int. 

29 

1774 

(new 

lot) 

15 

236 

N 

1713 

c 

C.I.P 

l/4"x 

1 

1 

>/16«'x7/16' 

F. 

B.  Tip  dest: 
~  3/I6" 

fragment! 

Punching- 

9/16"  int. 

•oyed. 

u 

30 

1774 

16 

237.5 

N 

1634* 

P 

C.I.P 
Pun.  l 

V 

>  . 

F.  Nose  int 
in  jlaEfl 

1/2"  int. 

Tabic  fl 


■ct.:  iiC-.i  •  L  i'iil 


Rncl . 

bullet 

•in.  ie 
o  f 

Obli  ; . 

..  t  ...  r*  • 

.  1  . 

L  -  . - 

■IV.  ’c 

_ 

wort  i 

:.o. 

t. 

urns . 

31 

1 

17 

BP 

nmn 

HBBWi 

238. 

N 

1657* 

32 

d 

20° 

2954 

33 

B 

d 

20° 

2956 

34 

Standai 

.30M2 

d 

20° 

3150** 

35 

d 

i 

ro 

o 

o 

3213 

36 

Standar 

.30142 

d 

20° 

3185** 

Result  on  Projectile 


Nose 


nt'd.) 

F. 

Broke  i 

f ragmen 
and  pul 

F. 

Large  ai 
pulveri 

F. 

Large  aj 
pulveri: 

B. 

1/8"  til 

lnt. 

Few  am  a! 
Small  pi 

F. 

Few  fra, 
1/16"  - 

n 

amount  ; 

1/8"  lnt. 
Remainder  pulver¬ 
ized  and  cqarse 
fragments. 

Portion  of  punching 
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55B 

7X 

223.5 

■ 

2153* 

j 

30*  13214 


55A 

55A 

11 

55A 

13 

55A 

14 

231. 

229 

232 

232 
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30*  2203 

30*  2402 

30*  24 48 

30°  Loat 
30®  2681* 
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Rnd. 

Angle 

Etrik. 

Vel. 

1  Result  on  Plate 

f  Result  on  Projectile  1 

Grade 

Core 

Vt. 

J&TJ Q&v  - 

of 

Pen. 

[  Diam.  of  Pen* 

....  UOM _  , 

_ i&2£ 

Face 

...  .  . 

5 

1774 

(new 

lot) 

18 

M 

ston  F.  H 

.  Plate  1| 

o _5_»_  l 

'eat  10 

81.  Thick. 

1/2 »  (Cont»d 

0 

1  fragments, 
ad  material, 
punching 

237 

30° 

2633 

C 

F.S.= 

cd. 

3/8"x5/8« 

1/4"x3/8" 

F.  Shattere 
pulveriz 
portion 

6 

1774 

(new 

lot) 

19 

235.5 

30° 

2539* 

C 

lilt 

recove 

5/16"x7/16 

ry  drum 

F.  Pulveriz 
B.  Pulveriz 
Punching 

»d  material. 
?d  material. 

7 

1774 

(new 

lot) 

20 

237 

30° 

2489 

P. 

S.B. 

F.  Pulveriz 

3d 

8 

1774 

(new 

lot) 

22 

238 

30° 

2536* 

P. 

S.B, 

Depth 

?en.«l/8" 

F.  Pulverize 

1 

9 

1774 

(new 

lot) 

23 

234.5 

30° 

2574 

P. 

Depth 

iJen.Ts3/lb" 

1 

F.  Pulverize 

i 

i 

10 

1774 

i 

24 

236.5 

20° 

2035* 

1 

| 

I 

c 

I  -  1 

C.I.P., 

l/4"xl 

l 

1 

j 

F.S .  *1*« 

/4* 

V16"x5/16< 

F.  Shattered 
portion  f 
punching 

B.  1/8"  of  t 
Small  amo 
pulverize* 
Small  pun 

I  ...  ■  «■" 1 

material. 

t*ont 

Lp  int. 
pt  of 
fl  material, 
phlng 

I  '  I 

1LIU 
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Result  on  Plate 


Pen.  Plant,  of  Pen. 

Face  I  3a c 


1  ( 


235. 

N) 

O 

0 

2008 

236.5 

N3 

C 

o 

1967* 

237.5 

i 

20* 

. . -1 

2008 

covery 


Depth 


F.8. 


8"  X13/16 
S.B. 

Hit  shiel 
on  recov¬ 
ery  drua 


lont’d.) 

F.  Pulveriz 


F.  Pulveriz 


’.  pulveriz 


Standar 

30M2 


3193* 


3210* 


S.B. 

Depth 


.  Pulveriz 


. 

F.  Pulveriz 

B.  3Zl$",-*l 

int. 

Fair  siz 
from  nos 
I&C&&  £U 


Table  II  I'otailod  Firing  L'atu  and  Notes  on  Recovery 


(60) 


Table  II  Detailed  Kiririt  Data  and  Notes  on  Hecovefry 


Unde 
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Ant'le 
*  of 

Strik. 

Vel. 

Uesult  on  Plate  1 

Result  on  Projectile  1 
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.Jigj _ 

Vt. 

Pen. 

Diam.  of  Pen.  I 

.  M.9SS _  „ 

. tfasa- 

..  2 asJl... 

20 

1830-A 

Mi 

iston  F. 

H.  Plate 

No.  5.  H< 
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L.  Thic 

k.  1/2"  ( 

!ont  *d.) 

F.  Shattere 
numerous 
of  plate 

d* 
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3 

230.5 

20* 

2345 

P. 

Hit 

previc 

on  edge 
us  round 

21 

1830-A 

4 

234. 

20° 

2397 

P. 

— 

F.  Pulveriz 
portions 

ed. 

F.  S. 

22 

1830-A 

• 

5 

233. 

20° 

2448 

P. 

F.  1/8"  tiD 

at. 

almost  i 

Shattere 

i. 

23 

1830-A 

6 

231.5 

! 

i 

20* 

2566# 

C. 

F.  Imp 
9/l6"x 

9/16" 

F.  Pulveriz 

B.  Shattere 

Large  Pu 

ed 

i 

aching 

3/8nxl/2n 

1 

| 

1 

I 

1 

j 

l 
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Result  on  Projectile  1 
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W&M 

mm 

Pen. 

Diam. 

Face 

ftasifi-..  J 

.  .  .  2a.8SL. 

24 

1830-A 

mm® 

rmsm 

H.  Plate 

mmw 

,d. 

h 

232.5 

20° 

2521* 

P. 

S.  B. 

It 

■■ 

25 

1831-A 

7 

225.5 

20° 

2603 

P. 

Pun.  i 

>  • 

26 

1831-A 

2 

227. 

20® 

2666* 

C. 

BE 

>. 

:3/4" 

3/8"xl/2" 

F.  Pulveri; 
large  ar 

B»  Shatter < 

h&r&S  h 

•ed, 

lount 

d. 

RSbiM 

m 

1831-A 

5 

227.5 

20® 

2632* 

P. 

Pun.  ; 

■H 

idM 

23 

1816 

13 

234 

20® 

2567 

Navy 

C. 

F.  Im] 
5/8Mx| 

>. 

77l6»*x7 /16 

F.  Shatter* 

„B.  Fair  am< 
pulveri] 

Punch; 

Medium 

id- 

unt 

ed  material 

Ik 
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■ 

insult  on  Plate 

Result  on  Projectile  ] 

mnAjm 

RM 

mm 

Pen* 

Dia.ni.  of  Pen.  | 

mmm 

1  HH 

>  c  v 

1  ^.iCk 

29 

1816 

14 

Diss 

Plate  No 

HH 

I 

m 

*2"  (Cont’d. 

) 

unt  of 
ed  material 

unt  of 
ed  material 

lng 

Size 

233 

M 

o 

o 

2522 

■ 

Navy 

C. 

F.  iraj 
l/2"x] 

./2» 

7/16,,xl/2n 

F.  Fair  amc 
pulveriz 

B.  Good  amc 
pulveri2 

£m£l 

Fair 

30 

1816 

16 

233.5 

o 

O 

oi 

. —  — - -  -  - 

2429 

Navy 

C. 

F.  imj 
9/16  »3 

9/16" 

5/l6"x3/8» 

F.  Small  an 
pulverii 

B.  Fair  «nc 
pulverl: 

SSftlf 

ount 

ed  material 

unt  of 
ed  material 

JfcakCkAflg 

31 

1816 

15 

236.5 

20* 

2487 

Navy 

C. 

F.  imj 
11/16' 

*11/16" 

l/4"x3/8" 

C‘ 

F .  Good’  amc 
shattere 

B.  Fair  amc 
pulverl2 

Pune 

unt  of 
d  material 

unt  of 
ed  material 

hinfU? 

32 

1816 

18 

1 

235.5 

20° 

2316** 

Navy 

C. 

F.  imj 
11/16’ 

■ 

1  v*  ® 

unt  of 
d  material 

unt  of 
ed  material 

kings 

> .  -  •  ... 
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Rnd. 

I 

Juliet  1 

Angle 

of 

.  iMt 0-.- 

Strik. 

Vel. 

Result  on  Plate  1 

Result  on  Projectile  I 

Grade 

Core 

..lift,., 

Vt. 

jShuu . 

Pen. 

Diam.  of  Pen.  1 

— fiost 

n 

_ 

48 

1774 

(old 

lot) 

ss ton  F. 

H.  Plate 

No.  5.  1 

»at  108 

1.  Thi 

:k.  1/2" 

Cont«d.) 

Plate 

9/16"  Int. 

1 

235.5 

N. 

1638* 

P. 

C.I.P. 

,  Pun.  8. 

49 

1774 

(old 

lot) 

4 

235- 

N. 

1702 

C. 

cd. 

3/8"x7/16’ 

P. 

Rena  lode: 
Jacket  w 

B.  Small  ami 
shatter#! 

3/il  ta 

mostly 
iterlal  ' 

>uat  of  .» 

;  fragments 
ichlns  • 

50 

1774 

(old 

lot) 

5 

1 

235. 

N. 

1560 

P. 

i 

C.I.PV 

Pm.  S. 

F.  int.  in 

a Hr" 

Reaainde 
jacket  bl 

S/.V.  MAt 

1  mostly 
iterlal 

• 

1 

i 

.  \ 

1  r  1 

(69) 
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Bullet  T 

An*  le 
of 

Ctrik. 

Desuit  on 

Plate  1 

Result  on  Projectile  J 

Crude 

Core 

^  v  « 

1 

1 

Vel. 

Pen. 

Distil, 
race  1 

of  Pen. 
Pack 

■ni 

2dsa. 

51 

1774 

(old 

lot) 

■HI 

IH 

l.  Plate 

■HI 

■nil 

■Hi 

c.  1/2"  (( 

out 'd . ) 

F.  Small  a 
? hatter 

V  q 

r . o •  ii 

ii.  Fair  am 
shatter 

5/16"*! 

lount  of 
)d  material 
lament 

>unt  of 
jd  fragments 
^8"  Punching 

i 

3 

1 

237.5 

N. 

1644* 

C. 

F.S.s 

Cd. 

l./2"x7/8" 

5/16"x7/16 

52 

I 

K3ES 

II 

11 

235.5 

N . 

1711** 

c. 

Cd. 

7/l6"xl/2' 

F. 

hemalridi 

materia! 

ii.  1/2"  In 

9/16"  Int. 
r  .jacket 

*  • 

53 

! 

■ 

12 

238.5 

N. 

1692 

c. 

F.G.- 

Cd_. 

)/8»x3/4" 

7/16«x7/] 

■■ 

2 

— 1 roa 

WEE 

3/8"  lnt. 

Lt. 

h 

f2n  Punching 

1  ■ 

.  in 1  - 

■ . . . . . 
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Ctrik. 
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I  i.esult  on  Plate 

1  Result  on  Projectile  | 
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Wt. 

.  - 

of 

•QMLlsi'. . 
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Diom.  of  Pen. 
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_  foatt, . 

.  Iff  ,,  . 

. ,^cfe_. .. 

54 

1774 

(old 

lot) 

Di. 

istoii  F. 

H.  Plate 

No.  5.  H< 

it  108 

L.  Thic 

k.  1/2 ”  r 

Jont  ’d. ) 

F.  Mostly  J 
material 

B.  1/4”  nea 
int;. 

Remainde 
Clinch  i 

acket 

r  tip 

“7/16"  int. 
r  broke  up 

3 

239 

N. 

1818** 

Navy 

C 

Cd. 

— 

7/l6»x9/l6 

55 

1830-A 

8 

232.5 

N. 

*1767* 

C 

both 

A  and 

N 

■ 

Cd. 

7/l6»xl/2" 

F.  Mostly  J 
material 

B. 

5/16”  se 

in 

Remainde 

Punchi 

acket 

7/16”  int. 
ction  body 

t . 

r  broke  up 

56 

1830-A 

20 

232. 

N. 

*1730* 

P. 

both 

A  and 

N 

C.I.P. 

t 

f  Pun.  S. 

F .  int .  in 
plute 

7/16"  int. 

i 

! 

(f70\ 
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Result  on  Projectile  ! 
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Pen. 
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d 

......  jrtaaa.. 

liBBM 

L£afi.e. . 

"ack 

68 

1816 

Di 

jston  F. 

H.  Plate 

IHH 
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wm 

■  ■ 

tout'd.) 

F. 

B.  1/4"  frs 
near  noi 
amount  c 
up  mate] 
Tip  nos« 

Punchi 

1/2"  int. 

gment 
e.  Small 
>f  broken 
ial. 
in 

M  .  

20 

234 

N. 

*1574* 

C. 

Navy 

P. 

Cd. 

3/8"x7/16" 

69 

1835 

12 

_  .....  . 

169.5 

•  N. 

2368* 

P. 

m 

rPun.  S. 

F.  Nose  ini 
in  plat< 

. 

JRBBHj 

70 

1835 

10 

M. 

.2430 

C. 

C.I.P, 

5/16»x7/16 

F.  Small  ai 
,  broken  \ 

Body  pr< 

B.  3/16"  S< 
nose  ini 
Small  an 
pulveris 

iount  of 
ip  material 
j.  in  plate 

ction  near 

•  • 

iount  of 
ed  material 
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Rnd . 

1  1 

3ullet 
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Gtrik. 

Vel. 

- ...  — 

I  Result  on  Plate 

I  Result  on  Projectile  | 

|  ..rade 

BwBH 

mm 

of 

(Mil.. . 

Pen. 

IttEEHEuEraHi 

NQfff  , 

..  .  .  432S  . 

Bag 

3a  ck 

71 

1835 

Pis 

HBHI 

I.  Plate 

mm 

bh 

hh 

c.  1/2"  (C 

ont ’  d . ) 

?.  Fair  amoi 
up  mater: 

3.  3/16”  Set 

nose 
int . 

Small  atr.< 
broken  u] 

ftmhU 

int  broken 
al 

t.  near 

>unt  of 
>  material 

& 

9 

168 

♦ 

N. 

2399** 

c. 

Cd. 

7/16'!xl/2 ' 

1 

72 

1835 

8 

167 

N. 

21+12 

c. 

Cd.  ^ 

3/8"xl/2" 

?  • 

3/16"  Se< 

3.  Broken  U] 
3/16"  Set 

Punch  lr 

3/8"  int. 

:t.  body  int 

»  fragments. 
:t.  body  int 

£ 

73 

1835 

4 

166 

N. 

2670 

p. 

S.B. 

?.  Projectij 
up  and  pi 

.e  broke 
ilverized 

74 

1835 

14 

- - 

169 

N. 

2597 

c. 

C.I.P 

1 

1 

l/4”xl/4" 

? 

.  • 

3.  3/8"  lnt, 

few  fragi 

Base  int. 
in  plate 

ients 

Bullet  I  Anlae 6trlk.  II  Regult  on  Plate  II  Result  on  Pro 

Grade  I  Core  I  Wt  .  I  of  Vel.  II  Pen.  1  Plate.  of  Pen.  ,  I  I 


tandard  II 
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r  : 

Bullet 

Angle 

Ctiik. 

Vel. 

x.esult  on  Plate 

I  Result  on  Projectile  ] 

1  Grade 

Core 

J!o. 

Vt. 

Orns, 

of 

...QMtoi 

Pen. 

1  Dium.  of  Pen. 

._H9.se  „ 

Base 

race 

Pack 

12 

1774 

(new 

lot) 

Cu. 

mettle  I. 

linois  He 

mogeneouj 

Plate 

No.  15 

4590  H.  Th 

ck.  1/2"  (C 

ant'd.) 

1/2”  int. 

34 

236 

, 

Lost 

C. 

C.I.P. 

l/16”xl/li 

F.  Nose 
*w  int.  in 

plate 

13 

1774 

(new 

lot) 

35 

237.5 

N. 

1636 

P. 

Hit  dr 

um 

F.  Pulveriz 

Bd 

- * — 

M 

|U 

29 

236.5 

N. 

*1574 

P. 

C.I.P.j 
Slight 
on  bac 

9 

7/16”  base 

M- 

15 

30 

236 

N. 

*1666 

C. 

C.I.P. 

l/32»'xl/3; 

1$ 

slate 

16 

m 

31 

236.5 

N. 

*1956* 

Navy 

C. 

l/4”xl/4” 

B.  ProJ.  br 
into  fra 
1/16”  /w 

Small  Pu 

ake  up 
>ments 

L/8” 

ichintt 

■ 

1 

' 

i 
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Little  C.I. 

1/4?  ttMfl 
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according  t 


sred 

3  observers 
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I  Result  on  Plate  I 
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Rnd. 

1  Bullet 

Angle 

Ctrik. 

Vel. 

T  Result  on  Plate 

]  Result  on  Projectile  1 

Grad# 

Core 

tft. 

Crna . 

of 

0Mi.< Ia... 

Pen. 

[  Dianw  of  Pen* 

-8.QB.Q _ 

-  ..-Fflga  . 

Ftse  . 

.  2a 

5 

f.tandar 

.30M2 

1  A.  P. 

C< 

rnegie  II 

linois  H< 

mofcenec 

>us  Pla 

t®  No.  179. 

.947-3,  Thick 

.  5/9"  fCont. 

N. 

2535 

Navy 
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l/4"xl/4 

. 

Pr.  P.T# 

P.,  intact 
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.30M2 
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A.  P. 

N. 

2465** 

Navy 

P 

l/8"xl/8 

Pr .  intact 
5/16"  base 
fron  plate 

i 

protruding 
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Standar 

.30M2 
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N. 

2482** 

Navy 

C 
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fable  III  Ballistic  Jatu  for  Carbiue  -nu  standard  a.P.  ..oil  lets  gainst  Face  Hardened  Plate 


Table  III  Ballistic  .t>  :\»r  Carbiuc  >n  i  ...tand.-ra  uM-t.o  gainst  .  .-ice  '..ardoi.ed  Plate 


Table  III  Ballistic  Bata  for  Carbide  and  Standard  A.P.  Bullets  against  Face  Hardened  Plate 


I 

II 

Grade 

Co;np .  *> 

1695 

Ni  WC 

6  94 

(Average 

III 

av.  W.-:;ht 
In  Grains 


XI 

XII 

XIII 

H.P. 

Limit 

Lesig. 

IX 

F 

Core 


Striking  Energy 
ft.  lb. 


2100. 


Table  III  Ballistic 


I 

Grade 


u 

L'ornp. 


ill 

•.V.  W*  :.  •  :  1 1 

in  Gr.iins 


i'lill.t 


1831-* 


1816 


Caliber 


Hi  W£ 

20  80 


227 


227.2 


(average  2*7) 


Fe 


Wfi. 

91 


234 


233 


234 


rlened  Plate 


Navy 

56,000 

1330 

836 

Army 

2780) 

MB! 

2260) 

Navy 

<76,000 

<2780 

<1750 

4 


Table  III  Ballistic  ilata  for  Carbide  and  Standard  A.P,  Bullets  against  Homo genacae  'Plat* 


I 

Grade 


II  „  III 

Comp.  %  av.  Weight 
in  Grains 
Bullet  I  Core 


standard 

.30M2 


II  III  VIII 

H.P.  Limit  Desig. 


II 

F 

Core 


Striking  Energy 
ft.  lb 


65,100  3020 


*  kesuLts  from  A.P.O.  Firing  Heiord  on  Armor  Flate  No.  2O703,  i,301. 
Jan.  6-21 ,  1941]  for  same  plat  i. 


Table  III  Ballistic 


/Ck'l\ 


Table  III  Ballistic 


j.-.t-i  t'.-r  Carbine  .n  • 


previous 


.nti  He 


Army 

Navy 


52700 
573 00 


1470 

1730 


930 

1100 


'j 

Q  , 

* 

1 

Table  IV 

Summary  of  Ballistic 

Data?  for  General  Types 

of  Carbide 

* 

ana  atanaara  A.P.  Bullets 

1/2"  Face-Hardened  Plate,  Caliber 

.30  Bullets 

General 

Composition 

(Core) 

No.  of 
Grades 
Tested 

Average 

F 

(Core) 

Std. 

Dev. 

Average 

Striking 

Energy 

^Bullet 

Ft, /Lb. 

Std. 

Dev. 

Ft. /Lb. 

Average 

Striking 

Energy 

Core 

Ft. /Lb. 

Std. 

Dev. 

Ft. /Lb. 

Co  -WC 

-JL  „ 

.  9-20$Co 

55300 

2200 

1290. 

99. 

827. 

21. 

Ni  -  WC 

<5^20$Ni 

57500 

2300 

1400. 

107. 

890. 

•  22.  . 

Fe  -  WC 

1 

We 

<  55000 

'  % 

< 1290. 

— 

<810. 

Combined 
average 
of  tung¬ 
sten  carbide 
cores  above 

8 

(Up  to 

20$  binder) 

*56400 

2400 

1350. 

"vr  857. v 

23. 

Co-TiC-WC 

1 

Wco 

62300  . 

2120 

1040 

— 

Std.  30  M2 
A.P. 

2 

Tests 

72000 

800 

2760. 

60 

1390 

30. 

I 


Table  V.  Relative  Armor  Penetrating. 
Efficiencies  at  Normal  Impact  of  Bullets 
with  Sintered  Carbide  Cores,  and  Standard  A.P.  Bullets. 
(Values  Based  on  Average  Performance  of 
all  Satisfactory  Carbide  Grades 
from  Tables  II  and  III  which  are  to  be 
Consulted  for  Details) . 


Appendix  A 
To  Tables 


Tables 

for 

First  Series  of  Tests  on  Carbide  Bullets. 

Twenty-Eighth  Partial  Report  on  Tests  of 
Armor  Piercing  Bullets.  November  25.  19^0 


$- 


Note  that  numbering  of  tables  and  column  headings 
correspond  to  similar  tables  In  main  body  of  report 
for  second  series  of  tests,  Firing  Record  22SS3,  A6l9. 


(97) 


Co 

v'W£ 

44A 

6 

94 

234 

'•154 

1668 

59000, 

1440 

947 

779 

9 

91  ' ; 

235 

152 

1750 

61700 

1590 

1030 

55A 

13 

87 

233' 

147 

1748 

60600 

1570 

1000 

55B 

20 

80 

.  225 

140 

1817 

61500 

1650 

1020 

DM25 

‘25 

75 

220 

136 

1917 

app.  64000 

app.  1790  app. 

1100  app 

li 

WC 

1695 

6 

94 

241 

156 

1741 

62500 

1620 

1050 

1774 

9 

91 

■237 

151  '• 

1675 

app.  59000 

app.  1470  app. 

945  app 

1830A 

13 

87 

.  233 

147 

1768 

61600 

1610 

1020 

1831A 

20 

80 

227 

HI 

1807 

61700 

1640 

1030 

1832A 

25 

75 

220 

138 

-  >2130 

>71600 

>2200 

* 

>2140 

Fe 

WC 

. 

1816  9  91  234  147  ,  1754  61000 _ 1600  1010 

Standard  30M2  A.P.  165  83  2537  66250  2350  1180 

average  of 
2 


.  w  ii  'i  mmrnM***** 


mm 


Table  III-B. 

Ballistic  Data  for  Tungsten  Carbide  and 
Face  Hardened  Plate.  _ _ _ 

Standard 

A.P.  Bullets  against 

Av.  wt  in  Grains 

Ballistic 

F 

Striking  Energy,  Ft.  Lb. 

Grade 

Comp.  $£ 

Bullet 

Core 

Limit 

Core 

Core 

Cal*  .. 

30  against  5/8"  Face  Hardened  Plate8  -  100  Yar_d_-Range 

Ca 

w £ 

779 

9 

91 

235 

152 

2051  f. 

65000 

2210 

1420 

-  *' . 

Ii 

M£ 

• 

■ 

1774  *' 

9 

91 

237 

151 

2069 

65500 

2260  '  ' 

r 

1440 

Standard 

(  *  ' 

■ .  s!/  » ' 

*  /’ '  .1  **>’  f 
\  ,vr 

-  30M2  A.P. 

165 

4 

83 

« 

*  i 

3123 

,t't\  *  * 

73200 

■  • 

'  r‘ :  - 

;  '  ^ 

3570 

1780 

Table  III-B. 

Ballistic  Data  for  Tungsten  Carbide  and 
Face  Hardened  Plate. _ _ _ 

Standard 

A.P.  Bullets  against 

Av,  wt,  in  grains 

Ballistic 

*■ 

F 

Striking  Energy  Ft.  Lb. 

Grade 

Corn).  % 

_ Bullet _ 

*  Core _ 

_ Limit _ 

Core 

_ Bullet. _ 

Core 

Cal.  .50  against  1"  Face  Hardened  Plate3  - 

100  Yard  Ranee 

Co 

WC 

- 

V  ■ 

44A 

6 

94 

1078 

756 

1651 

52700 

6520 

4580 

779 

9 

91 

1084 

745 

*1813 

<57500 

<.7870 

<5420 

55A 

13 

87 

1059 

722 

1772 

55300 

7360 

5020 

55B  . 

20 

80 

1025 

690 

1860 

56800 

7900 

5300 

DM25 

25 

••  75 

1016 

670 

Not 

Determined 

li 

WC 

1695 

6 

94. 

765 

Not 

Determined 

r  '  ‘ 

A 

1774 

9 

91 

1085 

745 

1736d 

55000d 

f;-7250d 

4970d 

1830A 

13 

87 

1065 

725 

1732 

54000 

7080 

4800 

1831A 

20 

80 

1049 

696 

1869 

57200 

8100 

5380 

1832A 

25 

75 

676 

Not 

* 

Determined 

Standard  -  50  Mi  A.P, 

,  750-1- 

408 

2577 

60400 

1100 

6010 

NOTES:  1.  The  cobalt  bearing  series,  and  the  Iron  bearing  samples  (Grade  1  816)  were 

fired  against  Disston  plate.  No.  D5  -  Brinell  face  555,  back  402.  The  nickel 
bearing  series  was  fired  against  Disston  plate.  No.  D6,  Brinell  face  555, 
back  370. 

The  ballistic  limits  of  both  plates  as  determined  with  standard  30  M2  A. P. 
Bullets  in  2  tests  were  practically  identical. 

2.  Diebold  5/8”  face  hardened  plate  No.  138-700-344*  Brinell  face  555.  back  A15. 


Table  III-B 
(Cont'd) 

NOTES:  3. 

4» 


app. 

do 


.  Ballistic  Data  for  Tungsten  Carbide  end  Standard  A.P.  Bullets  against 
Face  Hardened  Plate.  _ _ _ _ _ 

'  .  j 

Diebold  1”  face  hardened  plate  No.  10729 ,  Brinell  hardnesses  not  given. 

The  weight  of  core  was  calculated  using  the  value  of  8.05  for  the  den¬ 
sity  of  the  standard  3%  W  stock  for  the  standard  30  M2  A.P.  core,  the 
densities  of  the  tungsten  carbide  material  as  furnished  in  Table  1,  and 
the  information  that  the  tungsten  carbide  cores  were  made  to  the  dimen¬ 
sions  of  the  standard  30  M2  A.P.  cores. 

Approximate  value.  Results  of  firings  for  two  lots  utilized. 

Doubtful  value.  Low  complete  1824  f/s. 

High  partial  1647  f/s. 


vcui; 


Table  I V-B  Summary  of  Ballistic  Data  for  General  Types  of  Tungsten 


Carbide  Bullets,  and  Standard  A.P.  Bullets* 


General  Composition 
(Core) 

No.  of 
Grades 
Tested 

Average 

F 

Core 

Average 

Std.  Striking  Energy 
Dev.  Bullet 

ft.  lb. 

Std. 
Dev. 
ft.  lb. 

Average 

Striking  Energy 
Core 
ft.  lb. 

Std. 
Dev, 
ft.  lb, 

Cal 

.  .30  against  1/2” 

Face  Hardened 

Plate 

Co-WC 

■4  ’ 

(6-20£  Co) 

’  60700 

980 

1560 

76 

1000 

30 

Ni-WC 

3 

(6-20#  Ni) 

62000 

290  ’ 

.  •  ! 

1623 

13 

1033 

13 

Fe-WC 

1 

(9%  Fe) 

61000 

— 

1600 

— 

1010 

— 

Combined  average  of 
tungsten  carbide 
cores  above 

8 

(up  to  20#) 
(binder  ) 

61200 

% 

880 

1590 

62 

1010 

28 

Std.  30M2,  A.P. 

2 

(Tests) 

66250 

250 

2350 

22 

1180 

11 

i 


Table  IV-B  Summary  of  Ballistic  Data  for  General  Types  of  Tungsten 
_ Carbide  Bullets,  and  Standard  A.P.  Bullets.  _ . 


General  Composition 

No.  of 

Average 

Std. 

Average 

Striking  Energy 

Std. 

Average 

Striking  Energy 

Std. 

(Core) 

Grades 

F 

Dev. 

Bullet 

Dev. 

Core 

Dev, 

Tested 

Core 

ft.  lb. 

ft.  lb. 

ft.  lb. 

ft.  lb. 

Co-WC 


Mi-WC 

•“  Combined  average  of 

I  tungsten  carbide  2  65250  250  2235  25  1430  10 

"  cores  above  ^ 


Std .  30M2 1  A.P.  1  73200  —  3570  —  1780 


Caliber  .30  against  5/811  Face  Hardened  Plate 


(9%  Co)  65000 


2210 


1420 


{9%  Ni)  65500 


2260 


1440 


> 


X 


Table  IV-B  Summary  of  Ballistic  Data  for  General  Types  of  Tungsten 


Carbide  Bullets,  and.  Standard  A.P.  Bullets. 


General  Composition 
(Core) 

No.  of 
Grades 
Tested 

CUJUC  t 

Average 

F 

Core 

cuiu  0  ueu 

Std. 

Dev. 

Average 

Striking  Energy 
Bullet 
*  ft.  lb.. 

*  • 

Std. 
Dev. 
ft.  lb. 

Average 

Striking  Energy 
Core 
ft.  lb* 

Std. 

Dev. 
ft.  lb. 

■ -  - - - 7 - : 

*  T 

Cal.  .50  against  ln  Face 

SMVil  • 

Hardened  Plate 

Co-WC 

< 

3 

(6-20#  Co) 

55000 

( •  1600 

7260 

570 

4970 

502 

,  \ 

Ni-WC 

2 

'(13-20#  Ni) 

55600 

1600 

7590 

510 

5090 

290 

Combined  average  of 
tungsten  carbide 
cores  above 

5  " 

(up  to  ) 

(20#  binder) 

55200 

t 

1660 

* 

t 

7392 

480 

5016 

298 

Std.  50H1,  A.P. 

1 

Test 

60400 

11000 

6010 

*  MV.*.  ;wiT  .  f 
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Photographs  of  Armor  Plate  Fired  Against  with  Caliber  .30M2,  A.P 
Standard  Bullets,  and  Special  Bullets  with  Carbide  Cores. 

5/g"  HOMOGENEOUS  PLATE 

Brinell  Hardness  =  25S 

BACK  OF  PLATE 


(125) 


£ 

c 

fi 


o 


5 


w 

o 


••  o 

S  ••  H 

••  «H  4J  £ 

a>  ••  3  ••  *-«  *, 

J-t  a'  critf  o  *»-> 

p  •  -h  r  o  * 

r-J  -  r-»  rJ  «H  v, 

•H  r  4Ci  O  QJ  X 

u.  .\o  n:  >  p, 


(126) 


Photographs  of  FrugoentB  of  Armor  Plate  and  Bullets.  Caliber 
Standard  Bullets  and  Special  Bullets  with  Carbide  Core 
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Photographs  of  Fragments  of  Armor  Plate  und  _Bulle_ta.  Caliber  .30M2.  A.P 
Standard  Bullqtg^^nd  SgL^lg^BijUeta^^CarMae  .Cpjgj. 
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Photo  r  'c.p  of  Frar;n-  ;.tr  of  Arrr.or  PI;  te  iund  Bullete.  Caliber  .*OM2,  A.P 
Standard  Bullete  and  Special  Bullets  '7lth  Carbide  Cores . 
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